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MANCHESTER GEOLOGICAL SOCIETY. 

EgUMiahed 16th October, 18S8. 



OBJECTS. 

The ohjects of the Manchester Geological Society are the 
collection and diffusion of Practical and Theoretical Knowledge 
respecting Geology and Mining, In furtJierance of such ohjects, 
original Papers on Geology and Mining subjects — either written by 
the members of the Society, or communicated to the Society through a 
member, on behalf of the authors — shall be read and discussed at its 
meetings, and if judged to be of sufficient interest, shall be printed at 
the expense of the Society, in its Transactions, 



RULES. 

I. — The Society consists of Ordinary, Life, Honorary, and 
Corresponding Members. 

II. — Every candidate for admission into the Society as an 
ordinary member must be proposed by two or more members, wha 
must sign a certificate in recommendation of him, setting forth the 
name, description, and place of residence of the candidate. 

III. — The certificate, when duly filled up, shall be read aloud 
at the next ordinary meeting of the Society ; and the election of 
the candidate shall forthwith be decided by a majority of votes. 

rV. — The Secretaries shall address to every person elected a 
member, a notification of such election, with a copy of the printed 
Rules and Bye-laws of the Society. 

V. — No person elected a member shall be entitled to exercise 
any privilege as such, until he shall have paid his annual 
subscription, or the composition in lieu thereof. 



VI. RULES. 

VI. — The annual subscription to be paid by ordinary members 
shall be twenty shillings, due on each successive first day of 
October, and payable in advance for the current year, and shall be 
a debt due to and recoverable as such by the Treasurer for the 
time being. 

YII. — Members joining the Society on or after the first day of 
April in any year shall pay the sum of ten shillings as the 
subscription for the current year. 

VIII. — An ordinary member may, at his election, or any future 
period, become a life member by compounding for future annual 
subscriptions, including that of the current year, by the payment 
of ten pounds. If he has already paid the subscription for the 
current year, or any part of it, such payment shall be allowed in 
part of his composition. 

IX. — The payment by an ordinary or life member of the 
subscription, or the composition in lieu thereof, shall imply the 
acquiescence of such member in the Rules and Regulations of the 
Society, and shall entitle him (so long as no subscriptions remain 
unpaid) to admission to the meetings of the Society, the use of the 
Library, and to one copy of each of the Transactions, and of any 
other publications the Society may print. 

X. — Individuals distinguished for their Geological or Mining 
researches, for their liberality to the Society, or for their connexion 
with other Societies, may, on the recommendation of the 
Council, be elected honorary or corresponding members of this 
Society at any ordinary or general meeting. But such honorary or 
corresponding members shall have no vote in the affairs of the 
Society. 

XI. — Any member may withdraw from the Society by 
signifying his wish to do so, by letter under his hand, to the 
Secretaries, at the apartments of the Society; provided always, 
that such member shall be liable for the subscription for the whole 
year wherein he signifies his wish to withdraw ; and shall continue 
liable to future annual subscriptions until he has discharged all 
sums due from him to the Society, and returned all books and 
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other property, if ^ny, in his custody, belonging to the Society ; 
or shall have made full compensation for the same if lost or not 
forthcoming after two months' notice from the Secretaries. 

Xll. — As soon as any member has let his subscriptions fall two 
years in arrear, the Secretary shall notify the fact to him, and 
require him to pay what is due within one month. In case of 
non-compliance with such request, the Council may determine the 
membership of the defaulter. 

XIll. — An annual meeting of the Society shall be held in the 
month of October, for the purpose of electing the officers for the 
current year, receiving the Annual Report of the Council, together 
with an Audited Statement of the Receipts and Expenditure of 
the last year, and transacting the general affairs of the Society. 
At this meeting any member may question the Council upon any 
matter contained in such report, and comment thereon, and on any 
other matter of which notice in writing had been previously given 
to the Council, relating to the affairs of the Society, as to him 
may appear proper. 

XrV. — Ordinary meetings of the Society shall be held once, at 
least, in every month, from October to June inclusive, at such 
time as the Council shall appoint. Each member shall have the 
power to introduce visitors to the meetings, on entering their 
iiames in a book to be kept for that purpose. 

XV. — Ordinary meetings may be held in other localities than 
Manchester, according to the pleasure of the Society, to be deter- 
Jfiined at a previous meeting. 

XTI..^Circulars announcing meetings of the Society, or of the 
Council, shall be sent, free of postage, to the respective members 
^ those bodies, at least three days before such meeting. 

XYII. — Special general meetings may he summoned by the 
Council, or by the Secretaries, on the requisition, in writing, of 
*ny six members of the Society, by notice delivered free, or sent 
^y post, pre-paid, to all the members whose addresses are known, 
^ot less than one week, nor more than a fortnight, before any 
such meetings. Such notice shall .state the time and place of 
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holding the meeting, and the specific purposes fot which i 
convened ; and the husiness of such meeting shall he restricted 
such purposes. 

XYIII. — At the hour appointed for a meeting of the Society 
Council, the chair shall he taken hy the President, or the sei 
Vice-President present, and in their ahsence the meeting si 
previously to entering upon any other husiness, elect some men 
present to he Chairman. 

XIX. — All questions discussed at any such meeting, excepi 
otherwise provided, shall he decided hy a majority of votes ; 
if upon any question the votes shall he equal, the Chairman of 
meeting shall have a second vote as a casting vote. 

XX. — No husiness shall he done at any such ordinary or spe 
meeting unless when five members at least are present, ex( 
that any number of members who may be present, not being 
than two, may adjourn the meeting to a future day, such adjoui 
meeting to be summoned in the same manner as the orig 
meeting* 

XXI. — A President, four Vice-Presidents, two Honorary Se 
taries, and a Treasurer, shall be elected at each annual meeti 
and the foregoing, together with twelve ordinary members, tc 
elected at the same time, shall form the Council of the Socii 
and shall have the management of its affairs, except as is otl 
wise provided by these Rules ; and at the same meeting 
Auditors shall be elected for the year ensuing. These elect: 
shall be by ballot. In addition to the four Vice-Pre8id( 
annually elected, the Ex-Presidents shall be ex post officio^ V 
Presidents of the Society. 

XXII. — ^Any member who has been for six months a men 
of the Society, and whose subscription is not in arrear, shaU 
eligible to be elected an officer or member of the Council. 

XXIII.— In the event of any vacancy occurring during 
year in the Officers or Council, the same shall be filled up by 
Council. 
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XXIV. — ^The President shall not be eligible for that office for 
more than two years in succession ; and the two Vice-Presidents, 
and the four members of the Council who shall have attended the 
meetings of Council the least number of times, shall be ineligible 
to the same office for the ensuing year. 

XXV. — The Council shall have power to make Bye-laws and 
Regulations, in accordance with the general Rules of the Society, 
to appoint, suspend, or dismiss salaried agents, clerks, or servants ; 
to purchase and collect books, maps, models, specimens, and other 
objects ; to provide rooms for the meetings of the Society, and pay 
rent for the same ; and to purchase furniture or other articles that 
they deem necessary for the use of the Society. 

XXVI. — The Council shall meet once at least in every month, 
and upon such other occasions as they may deem expedient. 
Special meetings of the Council may be called by either of the 
Secretaries, or on the requisition of any three members of the 
Council, of which number the officer convening such meeting may 
l)e one ; any three members of the Council present at a meeting 
being sufficient to constitute a quorum. 

XXVII. — A minute of the proceedings of all meetings shall be 
entered by the Secretaries in a book to be kept for that purpose. 

XXVIII. — The Council shall decide whether a paper shall be 
printed in the Transactions or not, and if they do not unanimously 
*g?ee to print it, or reject it, they may refer it to one or more 
Biemhers of the Society, to report upon its merits, and, in excep- 
tional cases, refer it to competent persons who are not members, 
^r having received such reports, the Council shall decide 
^thout delay whether or not the paper is to be printed. The 
author of a paper shall be at liberty to reserve his right of 
property therein, and shall have a right to withdraw it from 
publication, by giving timely notice to the Council. 

XXIX. — ^All moneys, the Library, and all chattels of the 
Society, shall be held by the President and Treasurer for the time 
being, as legal owners thereof, but in trust for the Society, and 
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imder the direction of the Coimcil^ and all investments shall be 
made in the names of snch members, not being less than two, as 
the Society may from time to time appoint. 

XXX. — All the funds and moneys of the Society shall be 
applied by or under the direction of the Council, in paying the 
debts and demands for the time berug owing by the Society, and 
carrying out the purposes thereof as defined in the preceding 
Eules ; and no dividend, gift, division, or bonus in money, shall at 
any time, or under any circumstances, be made unto or between 
the members of the Society, or any of them. 

XXXI. — No additional rule, nor any alteration or repeal of any 
existing or future rule or rules of the Society shall be made, 
unless with the consent of three-fourths in number of such of the 
ordinary and life members as may be present at any annual or 
special meeting ; and the proposed change must be announced by 
circular to the members whose addresses are known, at least three 
weeks before such meeting. 

XXXII. — The Societv shall not be dissolved, nor shall the 
Library or other property be disposed of, unless with the consent, 
in writiug, of three-fourths of such of the ordinary and life 
members as may be present at each of two successive special 
general meetings, duly convened by public advertisement in the 
Manchester daily newspapers, and by notice sent by post at least 
one calendar month before each meeting, to all members, whose 
addresses are known ; such meetings to be held at an interval of 
not less than two, nor more than four, calendar months. 

By order of the Council, 



BYE-LAWS 



FOR 



REGULATION OF THE LIBRARY. 



I.— No Book, Map, or document shall be taken from the 
library without the same being first entered in a Register, in 
such manner as the Council shall from time to time direct. 

II.— The time allowed for retaining a Book, &c., shall not 
exceed one calendar month. 

ni. — 1^0 member shall be allowed to renew a Volume, Map, 
&c., in case any other member shall have entered his name as 
being desirous of taking out the same on its return. Such Volume, 
Vap, &c., shall, on its return from the person holding the same, 
be entered as taken out by the member so applying, and shall not 
be taken away by any member, save him in whose name it is 
catered, till the expiration of the period for which the member in 
▼bose name it is entered would have been entitled to hold the 
B&nie. At which period the said Book, &c., (in case the same shall 
not have been taken out by the party in whose name it is entered 
on the Register,) shall be returned in the Register as returned. 

IV. — The time allowed for holding shall, in every case, be 
imputed from the date of the entry in the Register. 

v.— Every member shall return the Books, Maps, and documents 
belongmg to the Society in as good a condition as when they were 
Mvered into his possession, and shall be answerable for the same 
till their return from him, to the Society, is correctly entered in 
tbe Register. 
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MANCHESTER GEOLOGICAL SOCIETY. 

Paw I. Vol. XVII. Sbssiow 1882-83. 



ANNUAL MEETING. 



The Annual Meeting of the Members of the Society 
'^ held on Tuesday, the 3rd day of October, in the 
literary and Philosophical Society's Booms, George Street, 
J^chester ; 

G. C. Greenwell, Esq., F.G.S., Vice-President, 

in the Chair. 

The Chairman stated that a telegram had been received 
^m the President, Mr. Gilroy, who was, he regretted to 
*^y> unable to attend on account of indisposition. 



The Hon. Secretaries announced that the following Books have 
°^ received since the last meeting : — 

%K)rt8 of the Inspector of Mines, 1881. Special Report on the Abram 

^>l08ion, by Mr. A. Young.— i^rom Eugh Birley, Esq., M.P. Bristol 

^tturalists' Society: Part HI., Vol. III., N.S.— i^Vom the Society. Cam- 

'^ University : Report of the Museum and Lecture Rooms Syndicate. — 

^*fer Society of Natural Science : Annual Report, 1881-2. — Cornwall, 

■*^'*nBactions of the Royal Geological Society of : Part IV., Vol. X.— JFVom 

^ SoeUty, Edinburgh Royal Physical Society : Proceedings ; Session 

^A.^From the Society. Epping Forest Naturalists' Field Club : Trans- 

***^n8, Parts 6 and 6, Vol. IL.^From the Club. Geological Magazine: 

^^ 2l^2l9.'^jPureha8ed. Hertfordshire Natural History Society : Trans- 

/^*<ta8, April and May, 1882. — From the Cotmeil. Institution of Mechanical 

'^^een : No. 2, 1882.— iVom the CouneiL Lavalley, M., Report on the 



Channel Tunnel Railway, 18S2.— From the Author » Leicester Literary and 
Philosophical Society: Transactions, Part 8; 1865 to 1870; Report for 
1881-2. — From the Council, London Geological Society : Quarterly Journal, 
Nos. 150-1. — From the Society. London Geologists' Association, No. 5, 
Vol. VII.— JVow the Council, London, Royal Society, Nos. 219-21, Vol. 
XXXIII. — From the Society, Manchester Scientific Students' Association: 
Report and Proceedings for 1881.— -From the Council, Midland Institute of 
Engineers: Transactions, LVIIL", LX., Vol. VIII. — From the Council, 
Mining Institute of Scotland: Transactions, Parts 2, 3, 4, 5, Vol. 
IV. — From the Council. North of England Institute of Engineers: 
Transactions, Part 3, Vol. XXI. — From the Council, Norwich Geological 
Society : Proceedings, Part 6, Vol. I. President's Address, 1881. — From 
the Society, Palaeontographical Society : Monograph, Vol. XXXVI. — Fur- 
chased. South Wales Institute of Engineers : Proceedings, No. 1, Vol. XIII. 
From the Institute, Warwickshire Naturalists and Archaeologists' Field 
Club : Proceedings, 1881. — From the Club. Bulletin of the Museum of Com- 
parative Zoology: Part I., Crustacea. Do., Vol. IX., Nos. 6-8. — From Alex. 
Agassiz, Smithsonian Institution : Report for 1880. — From the Institution, 
Wisconsin, Geology of. Vol. III. ; Survey of, 1873-9 ; Atlas to Do. — From 
the Survey. Mineral Statistics of Victoria for 1881. Report of the Chief 
Inspector of Mines (Victoria) for 1881. Quarterly Report of the Mining 
Surveyors and Registrars, Victoria, March, 1882. — From the Moyal Society ^ 
New South Wales, Der Deutschen Geologischen Gesellschaft : Zetischnft, 
BandXXXni.,Hefks3and4, 1881.— i^Vow the Society. L' Academic Imperial 
des Sciences de St. Petersbourg : Memoires, Vile Serie, M^moires, No. 5, 
Tome XXVIII. ; and No. 5, Tome XXX. — From the Academy, Society 
Toscana di Scienze Naturali : Processi Verbali, Vol. III. (pages 29 to 92), 
1881. — From the Society, R. Accadamia dei Lincei: Transunti, Vol. VI., 
Fas. ir, l^'^.—From the Academy. 



REPORT OF THE COUIfCIL FOR 1881-82. 

It is with much gratification that, at the end of the 
Session 1881-2, now concluded, your Council are able to 
report in favourable terms of the position of the Society and 
of the work done during the Session. 

Several interesting and important papers have been read 
at the Ordinary Meetings, and the subjects were discussed in 
a manner which evinces the importance attached to them. 

In acoordance with the arrangement announced in last 



year's Report, two meetings have been held (in the months 
of January and June) at Wigan, and it is proposed that, 
during the ensuing Session, there shall be three of the 
ttght Ordinary Meetings held there. 

Tour Council consider this is a suitable opportunity for 
bringing before the Members the necessity of continued and 
increasing exertions in forwarding the work in which they 
are engaged, in order to maintain the Society in its present 
rank among similar institutions. 

Daring the past Session the number of Members has 
continued to increase ; 34 new Members have been elected, 
the loss through deaths and removal 6, leaving a nett gain of 
28. The numbers now enrolled are 18 Honorary, 8 Life, and 
196 Ordinary Members — total, 222 — against 18 Honorary, 
8 Life, and 167 Ordinary Members — ^total, 193, at the same 
period last year. 

The financial position of the Society is also in a satisfactory 
state, as will be seen by reference to the Treasurer's Balance 
Sheet. The Credit Balance will be found to have increased 
from £71 78. 5d. to £159 2s. 7d. Of this amount it is 
proposed to add, at an early date, £100 to the simis already 
invested. 

The Library has been considerably increased by the 
valuable exchanges, presentations, and purchases made 
daring the Session. A list of these additions will be found 
appended hereto. 

Two Excursions were arranged for, and taken part in by 
«ome of the members, the district from Portsmouth to Bacup 
in East Lancashire being the site of the one, and the neigh- 
bourhood of Olitheroe, in North-East Lancashire, the other. 

The former Excursion to Portsmouth, &c., was made in 
connection with members of the Scientific Students' Asso- 
ciation, and the Literary and Scientific Society of Urmston and 
Flixton — ^to whom thanks are due for their cordial reception 



of the proposal that it should be a combined excursion — ^led 
by one of our Past Presidents, Mr. John Aitken. Our leader 
delivered an address, pointing out the relative positions and 
localities in which the coal measures and various grits of the 
carboniferous measures occur. 

The arrangements for the latter Excursion to Clitheroe 
were principally and efficiently made by Mr. J. F. Seddon. 
The main features and points of interest, including the patch 
of Permian measures thrown in by faults, and contorted 
measures were pointed out and explained by gentlemen 
locally acquainted with the geology of this part of Lanca- 
shire, which contributed largely to the success and interest 
of the Excursion. 

Two pleasant and instructive days were thus spent, but 
your Council regret that the number of members who 
took part in them did not reach their expectations. 

It is with deep feelings of sorrow your Council have to 
announce the death of four members during the past session. 
Mr. E. W. Binney was one of the original founders of the 
Society in 1838. To eulogise his work is unnecessary, as he 
was so well known to all. His loss is a serious one to the 
Society and to geologists generally, but more especially to 
local geology, upon which he was the most eminent authority 
of the day. He had also a fair and considerable knowledge 
^i mining. A memoir and list of his contributions to the 
Society will be found in Part XII., Vol. XVI. 

Mr. W. J. Grimshaw, one of your Council, and recently 
one of the Hon. Secretaries. He took a lively interest in 
the work of the Society, and contributed several useful and 
practical papers on subjects connected with mining. 

Mr. John Hall, for many years a member, and Mr. John 
Jobling. 
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£ 8. d. 

Subscriptions received for 1882, No. 183 183 

Ditto at 10s. No. 2 10 



184 



Arrears received, 1880-1 £9 

1879-80 . . and 2/- 4 2 

1878-9 2 

15 2 



£199 2 



Arrears remaining, October, 1882 : — 

Eighteen for 1881-2 18 

Six for 1880-1 less 2/- 5 18 

Four forl879-80 4 

Three for 1878-9 3 

One for 1877-8 10 

£31 18 



THE FOLLOWING IS A LIST OF PAPERS AND COMMUNICATIONS 

WHICH HAVE BEEN BROUGHT BEFORE THE 

ORDINARY MEETINGS DURING THE SESSION :— 

1881. 
December. Clay Deposit at Heaton Mersey. 

Discussion '* On the Glacial Geology of the District of 

Llandudno." 
Dawldns, Prof., F.R.S., ** On the Range of Anodonta 
Jukesii." 
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1882. 
January* Binney, E. W., F.E.S. Memoir and List of Papers 
contributed by him to the Society. 
A New Exploring Respirator. 
New Fan Indicator and Tell-Tale. 
The New Tin-Can Safety Lamp. 
SULton, James, '* On the Long Wall System at Sorereign 
Pit, West Leigh." 
Febraary. Percy, CM. ** The Koepe System of Colliery 
Winding." 
Law, Robert, and James Horsfall, " On the Discovery 
of Flint Implements on the high hills in the neigh- 
bourhood of Rochdale." 
March. Discussion " On the Long Wall System of Working 
Coal at West Leigh." 
Teale, W. E., '' On the Safe Lighting of Collieries." 
April. A New G-as-Detecting Apparatus. 

Discussion ** On the Koepe Sjrstem of Winding." 
Black, W. J., F.R.C.S.E. *' Geology of Pic do Sancy 
Mountains, Central Franca" 
May. Note on Flint Implements. 

Dawkins, Prof., F.R.S. *' The Channel Tunnel." 
June. The Owens College Museum. 

Watts, William, F.G.S., " On a Section of Coal 

Measures in Saddleworth." 
Safety Lamps and the Safe Lighting of Collieries. 
Discussion " On the Tin-Can Safety Lamp." 
A New Lamp. 
Ashworth, James, M.E. **An Improved Mueseler 

Safety Lamp." 
Cockson, Charles, M.E. " Centrifugal Fans : their 

relative efficiency and useful eflfects." 
Discussion ** On the Safe Lighting of Collieries," 
Discussion ** On Tin-Can Lamps." 



The Report and Balance Sheet being considered satisfactory 
were unanimously adopted, and ordered to be printed. 
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The following noblemen and gentlemen were unanimouBly 

elected as Officers and Members of the Council for the ensuing 

year: — 

President: 

JOHN AITKEN, J. P. 

Vice-Presidents: 

WILLIAM BRYHAM, J.P. 
W. W. B. HULTON, J.P. 
EDWARD PILKINGTON. 
MARK STIRRUP, P.G.S. 



JAMES HEYWOOD, F.R.S. 
G. W. ORMEROD, F.G.S. 
JOSEPH DICKINSON, F.G.S. 
ANDREW KNOWLES. 
G. C. GREENWELL, F.G.S. 



Ex 'Officio Vice-Presidents: 

JOHN KNOWLES, M.Inflt.C.E. 
THOMAS KNOWLES, M.P. 
W. BOYD DAWKINS, F.R.S. 
R. CLIFFORD SMITH, F.G.S. 
JOHN EDWARD FORBES, F.G.S. 



Right Hon. The EARL OF CRAWFORD & BELCARRES. 

SiE U. K. SHUTTLEWORTH, Bart. 

GEORGE GILROY, M.Inst.CE. 

Treasurer: 

HENRY MERE ORMEROD, F.G.S. 

Secretaries : 

JOSEPH S. MARTIN, F.G.S. | JOHN E. FORBES, F.G.S. 

Other lit embers of the Council: 

J. S. BURROWS, CLEGG LIVESEY. 

C. G. GREENWELL, Jr., F.G.S. ROOKE PENNINGTON, F.G.S. 

HENRY HALL. \ J. F. SEDDON. 

CHARLES HARDWICK. GEORGE WILD. 

JOHN L. HEDLEY. i E.LEADERWILLIA3IS,M.I.,CE. 

G. H. HOLLINGWORTH. F.G.S. I H. A. WOODWARD. 

Auditors: 

ALFRED PILKINGTON. | JOHN GREENWOOD, Jun. 

Mr. AiTKEN having taken the President's chair, said : As 
the meeting has done me the honour to elect me President 
for the ensuing year, I rise to thank the Members for the 



honour thus conferred upon me. I would muoh have 
preferred, had I followed my personal inclination, to have 
remained in the position I occupied, and not taken so pro- 
minent a place as that of your President; but as it seemed to 
be the general wish of the Society, and my name having 
been received here with marks of favour, I can only say 
that I will do my best to discharge the duties during my 
year of ofl&ce, and try to maintain the Society in its present 
vigorous and useful position. 



NEW OKDINAEY MEMBEKS. 



Black, W. J., F.R.C.S., Ed. 
Bradley, F. L. 
Burnett, R. T., F.G.S. 
Clark, C. F. 
Clark, Gteorge. 
Cockson, Charles. 
I^evenport, John. 
Gilroy, S. B. 
Clover, B. B. 
feenhalgh, Robert, 
fesley, W. S., F.G.S. 
Hall, Henry. 
Heathcoate, William. 
Hilton, J. 

JohnBon, William. 
Kenney, George. 
Snowies, Israel. 



MacAlpine, G. W. 
Merfyn, A. 
Pearson, A. 
Pennington, A. S. 
Percy, C. M. 
Rigby, William. 
Sacre, R. A. 
Settle, Joel. 
Smith, John. 
Southworth, Thomas. 
Stopford, T. B. 
Storey, Edward. 
Squire, J. B., A.Inst.C.E. 
Walker, T. A. 
WaU, Henry. 
Wallwork, Thomas. 
Wanless, William. 
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MEMBEKS DECEASED. 



Binney, E. W., F.K.S., F.G.S. 
Grimshaw, W. J., F.G.S. 



Hall, John. 
Jobling, John. 



MEMBERS RESIGNED, &c. 



Byrom, W. A. 



I Wheeler, H. G. 



PAST PRESIDENTS OF THE SOCIETY. 



Year of Election. 



1838-9-40 

1841-2-3, 49-50-1 

1843-4-5, 55-6-7 

1845-6-7 

1847-8-9 

1851-2-3 

1853-4-5 

1857-8-9, 65-6-7 

1859-60-1 

1861-2-3, 77-8 

1863-4-5 

1867-8-9 

1869-70-1 

1871-2-3 

1873-4 

1874-5, 6-7 

1875-6 

1878-9 

1879-80 

1880-1 

1881-2 



Egerton, The Rt. Hon. Francis, M.P. 

Heywood, James, F.R.S., F.G.S. 

Egerton, Sir Philip de Malpas Grey-, Bart., M.P. 

Mosley, Sir Oswald, Bart. 

Thicknesse, Ralph, M.P., Wigan. 

Black, James, M.D., F.G.S. 

Ormerod, G. W., M.A., F.G.S. 

Binney, E. W., F.R.S., F.G.S. 

Kay-Shuttleworth, Sir J. P., Bart., M.P. 

Dickinson, Joseph, F.G.S. 

Knowles, Andrew. 

Greenwell, G. C, F.G.S. 

Aitken, John, F.G.S. 

Knowles, John, M.Inst.C.E. 

Knowles, Thomas, M.P. 

Dawkins, Professor W. Boyd, F.R.S., F.G.S. 

Smith, R. Clifford, F.G.S. 

Forbes, John Edward, F.G.S. 

Lindsay, Lord, F.R.S. 

Kay-Shuttleworth, Sir TJghtred J., Bart. 

Gilroy, George, M.Inst.C.E. 
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LIST OF MKMBERS 

OCTOBEE, 1882. 



The Names of Honorary Members are printed in Italics. 
* Members who have compounded for the Annnal Subscription. 



Year of 
Election. 

1877 
1874 
1863 
1879 
1877 
1865 
1878 
1878 
1877 
1878 
1878 

1881 
1866 
1876 
1875 
1880 

1879 
1858 

1877 
1881 

186V 
1880 
1880 



Adamson, Daniel, F.Gr.S., The Towers, Didsbury. 
Agassizy Alexander , Cambridge, Massachusetts, U.S.A. 
Aitken, John, J.P., Clifton Villas, Unnston. President, 
Arrandale, John Thomas, Bradford Colliery, Manchester. 
Arthur, David, Baxendale Collieries, near Accrington. 
Ash worth, Edward, Stag Hills, Waterfoot, near Manchester. 
Ashworth, James, Mapperley Colliery, West Hallam, Derby. 
Ash worth, Thomas, 32, St. Ann's Street, Manchester. 
Atherton, James, 16, Acresfield, Bolton. 
Atkinson, Samuel C, Stand Lane Colliery, BadclifPe. 
Atkinson, W. N., H.M. Inspector of Mines, Shincliffe Hall, 
Durham. 

Aubrey, Richard Charles, Standish, near Wigan. 

Bamford, J. B., Mining Engineer, Rochdale. 

Barnes, R. J., Scarsdalc House, Ripley, near Derby. 

Barrett, W. S., New Hall, 41, Old Hall Street, Liverpool. 

Barton, Richard, jun., Westleigh Lodge, Leigh, near Man- 
chester. 

Baxter, Henry, Tyldeslcy Colliery, Tyldesley. 

Bazley, Sir Thomas, Bart., Eyford Park, Stow-on-the-Wold, 
Grloucestershire. 

Beswick, James, Shakerley Collieries, Tyldesley. 

Black, W. J., F.R.C.S.Ed., F.G.S.Ed., 2, George's Square, 
Edinburgh. 

Bolton, H. H., Newchurch, near Manchester. 

Bolton, H. H., jun., ITewchurch, near Manchester. 

Boot, John Thomas, The Orchards, Hucknall Huthwaite, 
near Mansfield. 



Year of 
Election. 
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1878 Bradford, the Right Hon. the Earl of, Weston Park, near 

Shifnal. 

1882 Bradley, F. Lewis, Bel- Air, Alderley Edge. 
1878 Brocklehurst, Thomas, Dean, Bolton. 
1877 Broechy Ernest Vanden, 124, Rue Terre Neuve, Brussells. 
1880 Bromley, Thomas, 17, Hind's Fold, Elton, Bury. 

1877 Brongniarty Charles ^ Museum d'Histoire ITaturelle, 57, Rue 

Cuvier, Paris. 

1861 Brooks, Thomas, Crawshaw Hall, Rawtenstall. 

1880 Brown, Wm. Speakman, 14, Trevelyn Bank, Abbey Grove, 

Eccles. 
1859 Bryham, William, J.P., Ince Hall, Wigan. Viice- President. 

1881 Bryham, Wm., jun., Douglas Bank CoUiery, Wigan. 

1862 *Buccleuch, His Grace the Duke of, Whitehall Gardens, 

London, S.W. 

1882 Burnett, R. T., F.G.S., 10, Stanley Avenue, Eccles. 

1879 Bums, Thomas, Plank Lane Colliery, Westleigh, Leigh, 

near Manchester. 
1875 Burrows, Abraham, Atherton Collieries, near Manchester. 

1878 Burrows, John S., Yew Tree House, Atherton, near Man- 

chester. Member of Council. 

1879 Carter, James, 1, Granville Terrace, Blackburn. 

1881 Clark, Christopher F., Park Lane Colliery, Wigan. 

1882 Clark, George, Mining Engineer, Newton-le- Willows. 
1878 Clayton, Abel, 11, Chapel Walks, Manchester. 

1882 Cockson, Charles, Wigan Coal and Iron Company, Wigan. 
1878 Cooke, Charles, Marehay Main Colliery, Ripley, near Derby. 
1859 *Coulthart, John Ross, F.R.S.Lit., F.S.A.Scot., Croft 
House, Ashton-under-Lyne. 

1878 Cowburn, Henry, West Leigh, near Manchester. 

1879 Crawford and Balcarres, The Right Hon. the Earl of, 

Haigh Hall, Wigan. Past-President. 

1880 Crompton, William, Ince, near Wigan. 
1862 Cross, John, 77, King Street, Manchester, 
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Year of 
ElectioD. 

I860 Crowther, Samuel, Bradford Estate Office, Bolton. 

I860 Darbishire, R. D., B.A., F.G.S., 26, George Street, Man- 
chester. 

1869 Dawkins, Professor W. Boyd, M.A., F.R.S., The Owens 
College, Manchester. Pad-President. 

1877 De Rancsy C, E,, F.O.S., Oeological Survey, Jermyn Street, 
London, S.W. 

1862 *Derby, The Right Hon. the Earl of, Knowsley. 

1882 Devonport, John, Chamber Collieries, Oldham. 

1856 Dickinson, Joseph, F.G.S., H.M. Inspector of Mines, South 
Bank, Pendleton. Past- President. 

1879 Dixon, Charles William, 19, King Street, Wigan. 

1879 Drinnan, Richard, Outwood Colliery, near Manchester. 

1880 Duncan, William, M.D., Prospect House, Tyldesley. 

1877 Edmondson, Thomas, Cliviger Collieries, near Burnley. 
1852 Egerton, The Hon. Algernon, Worsley Old Hall, near 

Manchester. 

1878 Ellesmere, The Right Hon. the Earl of, Worsley. 
1838 Emhleton, T. W., The Cedars, Methley, Leeds. 

1838 Enniskilkny The Right Hon. the Earl of, F.R.S., Florence 

Court, Fermanagh. 
1865 Evans, Walter, Longsight, Oldham. 

1880 Fairclough, William, Leigh, near Manchester. 

1880 Fairley, Joseph Smith, 64, Victoria Street, Liverpool. 

1863 Farrar, James, 12, Market Street, Bury. 

1873 Fletcher, Herbert, The HoUins, Bolton. 

1875 Fletcher, Ralph, jun., Atherton Collieries, near Manchester. 

1868 Fletcher, Thomas, Haulgh, Bolton. 

1857 Forbes, John Edward, F.G.S., 46, Hyde Road, Manchester. 
Past' President y and Hon. Secretary. 

1873 Garforth, W. E., Colliery Offices, Normanton. 



Year of 
Election. 
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1874 Oeikie, Archibald. LL.D., F.R.S., Geological Survey, 
Jemiyn Street, London, S.W. 

1856 Gilroy, George, M.Inst.C.E., Hindley Hall, Wigan. Fast- 
President, 

1881 Gilroy, Samuel B., Mining Engineer, Cheetham Hill, Man- 

chester. 

1882 Glover, B. B., Haydock, near St. Helens. 

1881 Goodall, John, Birley Collieries, near Sheffield. 

1878 Greener, W. J., Pemberton Colliery, Wigan. 

1882 Greenhalgh, Robert, Engineer, Atherton, near Manchester. 
1882 Gresley, W. Stuckley, F.G.S., Overseal, Ashby-de-la-Zouch. 

1863 GreenweU, G. C, F.G.S , Duffield, Derby. Past President, 
1874 GreenweU, G. C, jun., F.G.S., Poynton, near Stockport. 

Member of Council, 

1879 Greenwood, John, jun., Ashton Moss Colliery, Audenshaw, 

Manchester. Son, Auditor, 

1879 Gregson, Edward, 11, Chapel Street, Preston. 

1880 Grimke, Theodore Drayton, Whitledgehurst, Ashton-in- 

Makerfield. 

1880 Grimshaw, H. Stott, Stand Lane Colliery, Eadcliffe. 
1877 Grundy, H. T., Eadcliffe. 

1877 Grundy, Joseph, Eadcliffe. 

1879 Guihaly Theophile, Professeur d'Exploitation des Mines, 

Mons, Belgium. 

1881 Hall, Henry, H.M. Inspector of Mines, Bainhill, Prescot. 

Member of Council, 

1864 Hall, Robert, Hope Foundry, Bury. 

1877 Handsley, Robert, Burnley Colliery Offices, Burnley. 
1861 Harbottle, W. H., Orrell Colliery, near Wigan. 
1864 Hardwick, C, 72, Talbot Street, Moss Side, Manchester. 
Member of Council, 

1880 Hargreaves, John, Winkhill, near Leek, Staffordshire. 
1876 Hawkinsy B, W.y F.G.S., 13, Bumand Street, Regent's 

Park, London, N.W. 
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Tear of 
Election. 

1874 HatokahatP, Sir John, Knight, F.E.S., 33, Great George 

Street, Westminster, 8.W. 

1877 Haydm, F. V., State Geologist, Washington, U.S.A. 
1882 Heathcote, William, Famworth, near Bolton. 

1878 Hedley, John L., H.M. Inspector of Mines, Flookersbrook, 

Chester. Member of Council, 

1875 Hetherington, Joseph. 22, Booth Street, Manchester. 
1874 Hewlett, W. H., Wigan Coal and Iron Company, Wigan. 

1880 BLeys, James, Westleigh, Leigh, near Manchester. 

1838 *B[eywood, James, F.E.S., F.G.S., 26, Kensington Palace 

Gardens, London, W. Past- President, 
1862 BLeywood, Oliver, Claremont, Pendleton. 

1876 Higson, John, F.G.S., 18, Booth Street, Manchester. 

1881 Hilton, J., Wigan Coal and Lx)n Company, Wigan. 

1881 Hodgekiss, John, Downall Green Colliery, Ashton, near 

Wigan. 
1878 Holden, Charles H., Mawdseley Street, Bolton. 

1877 Holding, William, Crossall Colliery, near Nottingham. 

1878 Hollingworth, George H., F.G.S., Hollinwood, Manchester. 

Member of Council, 
1878 Howell, John, Astley, near Manchester. 

1874 SmU, Professor Edward, M.A., F.K.S., 5, Baglan Road, 

Dublin. 
1880 Hnlton, W. W. B., J. P., Hulton Park, near Bolton. Vice- 
President, 

1878 Jackson, Charles G., Chamber Colliery Offices, Hollinwood, 

Manchester. 

1875 Jackson, J., 5, Wood Street, Bolton. 

1877 Jackson, Lewis, Rocher Colliery, Ashton-under-Lyne. 

1880 Jackson, William, Bower Colliery, HoUinwood, Manchester. 

1880 Jeffcock, Charles Edward, High Hazels, Sheffield. 

1879 John8on,Isaiah, Llangennech Coal Company, Llanelly. 

1882 Johnson, William, Abram Colliery, Wigan. 
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Year of 
Election. 



1844 
1880 
1882 
1879 

1856 
1859 

1882 
1877 
1858 



♦Joule, J. P., LL.D., F.K.S., 12, Wardle Koad, Sale. 
Kennedy, Matthew, Brinsop Hall Collieries, Wigan. 
Kenney, Greorge, 11, King Street, Wigan. 
Kinahan, G. H., M.B.I. A., Lurgybrack, Letterkenny, 

Ireland. 
Knowles, Andrew, High Bank, Pendlebury. Past- President. 
Knowles, John, M.Inst.C.E., J.P., Westwood, Pendlebury. 

Past' President, 
Knowles, Israel, Wigan. 

Knowles, Lees, M.A., LL.M., Westwood, Pendlebury. 
Knowles, Thomas, M.P., Damhall Hall, Winsford, Cheshire. 

Past-President, 



1858 Lancaster, John, F.G.S., Bilton Grange, Rugby. 

1862 Livesey, Clegg, Woodley, Stockport. Member of Council, 

1877 Livesey, Thomas, Bradford Colliery, Manchester. 

1878 Longbotham, Jonathan, Norley Colliery, Wigan. 
1877 Lord, James, Hill House, Rochdale. 

1879 Lupton, Arnold, F.G.8., M.Inst.C.E., Crossgates, neai 
Leeds. 

1861 Lynde, J. G., F.G.S., Qt)re Street, Greenheys, Manchester. 



1881 MacAlpine, G. W., Whinney Hill CoUiery, Accrington. 

1878 Maiden, Sampson, Bridgewater Villas, Stockport. 

1873 Martin, Joseph S., F.G.S., H.M. Inspector of Mines, Park 
Villas, Prestwich. Ron, Secretary, 

1879 Melling, William, Plank Lane CoUiery, Westleigh, Leigh, 
near Manchester. 

1881 Merfyn, A., care of Messrs. Higson, 18, Booth Street, 

Manchester. 

1876 Moore, Alfred, C.E., 5, Clarence Street, Manchester. 
1838 Morton^ Charles ^ The Grange, Southport. 

1874 Morton, G, ff,, F.G.S., 122, London Road, Liverpool. 

I 



17 



Tew of 
Blectton. 



1878 
1878 
1864 

1838 



Nail, Simon, Newbold, Boohdale. 
Nelson, William, Leigh, near Manchester. 
Nuttall, Thomas, Colliery Surveyor, Bury. 



Ormerody Q, W., M.A., F.G.S., Woodway, Teignmouth. 

Past President. 
1838 Ormerod, H. M., F.G.S., 5, Clarence Street, Manchester. 

JSbn, Treasurer, 
1874 Ouoen, Professor Richard, D.C.L., F.R.S., &c., South 

Kensington Natural History Museum, London. 

1862 Park, James, Fern Hill, Bury. 

1880 Parish, Arthur "Woodbyne, Clowes House, Higher Brough- 
ton, Manchester. 

1880 Parr, Thomas, Westleigh, Leigh, near Manchester. 

1876 Peace, George, Monton Grove, Eccles. 

1877 Peace, MaskeU, W., F.G.S., Wigan. 

1881 Pearson, A., Dukinfield Cottage, near Ashton-under-Lyne. 

1876 Penman, J. Hugh, 2, Clarence Buildings, Booth Street, 

Manchester. 

1881 Pennington, A. S., Wood Street, Bolton. 

1877 Pennington, Rooke, F.G.S., 20, Mawdsley, Street, Bolton. 

Member of Council, 

1882 Percy, C. M., King Street, Wigan. 

1878 Perrin, J. Beswick, M.R.C.S.E., F.L.S., Leigh, near 

Manchester. 

1879 Phillips, Herbert, Digby Collieries, near Nottingham. 
1861 Pickup, Peter, F.G.S., Towneley Colliery, Burnley. 

1877 Pickup, Peter Wright, Dunkenhalgh Collieries, Church, 

near Accrington. 
1873 Pilkington, Alfred, Clifton Collieries, near Manchester, 

Son, Auditor, 
1879 Pilkington, Charles, Ashton and Edge Green Collieries, 

St. Helens. 



Year of 
Eleotion. 
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1873 Pilkington, Edward, Clifton Collieries, near Manchester. 
Vice-President, 

1877 I Place, W. H., Hoddleston Collieries, Darwen. 

1851 Plant, John, F.G.S., Royal Museum, Peel Park, Salford. 

1867 Radcliffe, James, Astley Deep Pit, Dukinfield. 

1874 Ramsay, Sir A. (7., LL.D., F.R.S., &c., 15, Cromwell 

Crescent, South Kensington, S.W. 
1860 Ridyard, John, Walkden, Bolton. 
1882 Rigby, William, Leader's Buildings, King Street, Wigan. 

1877 Robins, George, Ashton, near Newton-le- Willows. 

1882 Sacre, R. A., 20, Cooper Street, Manchester. 

1880 *Schofield, Christopher James, Whalley Villa, Whalley 

Range, Manchester. 

1881 School of Mines, Columbia College, New York. The 

President (for the time being) of the. (To be addressed 

to Mr. H. Grevel, 33, King Street, Covent Garden, 

London.) 
1873 Seddon, J. F., Great Harwood Collieries, Accrington. 

Member of CouneiL 
1866 Selby, Atherton, Mining Engineer, Leigh. 

1882 Settle, Joel, Darcy Lever Collieries, Bolton. 

1878 Settle, Miles, Snow Hill, Darcy Lever, near Bolton. 

1877 Shuttleworth, Sir TJghtred J. Kay-, Bart., Gawthorpe Hall, 
Burnley. Past- President 

1879 Sixsmith, John, Syndale Hall Colliery, Chequerbent, Bolton. 
1864 Smethurst, William, F.G.S., Garswood Hall Colliery, 

Ashton, near Wigan. 
1838 Smith, G. F., M.A., F.G.S., Grovehurst, Tunbridge Wells. 
1881 Smith, John, Bickershaw Collieries, Westleigh. 
1873 *Smith, 11. Clifford, F.G.S., Parkfield, Swinton, near 

Manchester. Past-President. 
1866 Sopwith, Arthur, F.G.S., Cannock Chase Collieries, Walsall. 
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Tear of 
Election. 



1881 
1882 
1882 
1880 
1862 

1881 

1859 
1878 
1880 



Soathworthy Thomas, Hindley Green Collieries, Wigan. 
Stopford, T. E., Park Hall Colliery, Blackrod, Lancashire. 
Storey, Edward, Leigh, Lancashire. 

Speakman, John, The Walmsleys, Leigh, near Manchester. 
Spence, Peter, F.C.8., ErHngton House, Seymour Grove, 

Old Trafford. 
Squire, J. B., A.Inst.C.E., 1, Milton Road, Heme Hill, 

London, S.E. 
Statter, Thomas, Stand Hall, Bury. 
Stephens, James Henry, Leigh, near Manchester. 
Stirrup, Mark, F.G.8., Richmond Hill, Bowdon. 

Viee-Preaident, 



1881 Taylor, Alfred, Norley Collieries, Wigan. 
1880 Teale, William E., Fern Bank, Worsley. 

1877 Tomlinson, Thomas, 3, Richmond Terrace, Whitehall, 

London, S.W. 

1878 Tonge, James, F.G.S., Woodbine House, Westhoughton, 

near Bolton. 
1876 Topping, Walter, Bamfurlong Collieries, near Wigan. 
1858 *Trafford, Sir Humphrey de, Bart., Trafford Park, 

Manchester. 

1876 TJnsworth, John, Scott Lane Collieries, near Wigan. 
1879 TJnsworth, Richard, Mesne Lea CoUiery, Worsley. 



1877 Waddington, Henry, Burnley Collieries, Burnley. 
1877 Waddington, John, Burnley Collieries, Burnley. 
1862 Wadham, Edward, Millwood, Dalton-in-Fumess. 
1882 Wall, Henry, 11, King Street, Wigan. 
1882 Wallworth, Thomas, Colliery Office, Walkden, near 

Bolton. 

1882 I Walker, T. A., Pagefield Iron Works, Wigan. 
1879 WalshaW| John, Astley and Tyldesley Collieries, Tyldesley. 
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Year of 
Election. 



1881 

1879 
1880 
1878 
1877 
1880 

1867 

1877 
1876 
1876 

1877 



Wanlass, William, New Colliery, Westhoughton, near 

Bolton. 
Warburton, William, High Lane, near Stockport. 
Watts, Wm., F.Gr.S., Piethome, Rochdale, 
Wells, Samuel B., 130, Bradford Street, Haulgh, Bolton. 
West, T. E., 65, Wemeth HaU Road, Oldham. 
Williams, E. Leader, M.Inst. C.E., Queen's Chambers, John 

Dalton Street, Manchester. Member of Council. 
Wild, George, Bardsley Colliery, Ashton-under-Lyne. 

Member of Council, 
Wild, Joseph, 3, Stoneclough Road, Kearsley, near Bolton. 
Winstanley, Robert, 32, St. Ann's Street, Manchester. 
Woodward, H. A., Clifton, near Manchester. Member of 

Council. . 

Yates, T, M., Anderton Hall, Colliery, Blackrod, Chorley. 



Members are requested to communicate immediately to the Hon. 
Secretaries all changes of Residences. 



PRESENTATION'S TO THE LIBRARY, 1881-82. 



Birley, Hugh, M.P. — Reports of the Inspectors of Mines, 1881. 
Special Report on the Abram Explosion, by Mr. A. Young. 
From Hugh Bw-leg, Esq., M.P. 

Belfast. — Natural History and Philosophical Society. Proceedings 
for Session 1880-81. From the Society. 

Bristol Naturalists' Society.— Part III., Vol. III., N.S. From the 
Society. 

Cambridge University. — Report of the Museums and Lecture 
Rooms Syndicate. For 1881. Annual Report of the Uni- 
versity Library. June, 1882. 
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Cornwall. — Transactions of the Royal (Geological Society of. 

Part rV., Vol. X. From the Society, 
Cornwall. — Royal Institution of. — Journal. Nos. 24 and 25. 

1882. From the Council, 
Dublin. — Royal Dublin Society. — Transactions. Vol. I. Parts 

13 and 14. Proceedings. Vol. II. ; Part 7. Vol. III. ; Parts 

1-4. Drom the Society. 
Dublin.— Royal Geological Society. — Transactions. Part 1 1, Vol. 

VI. New Series. From the Society, 

Edinburgh. Royal Physical Society. — Proceedings Session 1880-81. 

From the Society, 
Edinburgh Royal Society. — Proceedings. Vol. XI. Nos. 108-9. 

1880-81. From the Society, 
Epprug Forest and County of Essex Naturalists' Field Club. 

Transactions. Parts 5 and 6, Vol. II. From the Club, 
Glasgow Geological Society. —Transactions. Vol. VI., Part 2. 

From the Society, 
Hertfordshire Natural History and Field Club. — Transactions. 

Parts 6, 6, 7, Vol. I. From the Council, 
Institution of Mechanical Engineers. Proceedings, Nos. 3 and 4, 

1881, and Nos. 1 and 2, 1882. From the Council, 
Iron and Steel Institute. — Journal. No. 2, 1881. From the 

CoundL 
Enahan, G-. A. — Pamphlets, various, 
I«valley, M. — Report on the Channel Tunnel Railway between 

England and France. 1882. 
I*eds. — Yorkshire Geological and Polytechnic Society. Vol. VII., 

Part 4. New series. From the Society, 
I^icester Literary and Philosophical Society. — Transactions. Part 

8, 1866 to 1870 ; and Report for 1881-82. From the Council, 
Liverpool Geological Association. — Transactions. Session 1880-81 . 

From the Society, 
Ijondon Geological Society. — Quarterly Journal. Nos. 148 to 151 ; 

Abstracts of Proceedings for the Session 1881-82. From the 

Society, 
I'Ondon Geologists' Association. — Proceedings. Nos. 3, 4, 5, Vol. 

VII. IVom the Council. 
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London. — ^Royal Society. Proceedings. Parts 216-221, Vol. 

XXXIII. List of Fellows. 1881. I^om the Society. 
Ufanchester Scientific Students' Association. — ^Report and Proceed- 
ings for 1881. From the Council. 
Midland Institute of Engineers. — Transactions. Parts 55 to 57, 

Vol. VII. ; Part 68, Vol. VIII. ; and Revised Rules. From 

the Council. 
Mining Institute of Scotland. — Transactions. Parts 7-12, Vol. 

III. 1881-82. I^om the Council. 
North of England Institute of Engineers. — Transactions. Parts 

1 -5, Vol. XXXI. Account of the Strata of Northumherland 

and Durham — Sinking and Borings. Parts A, B, C, E. From 

the Council. 
North Staffordshire Institute of Engineers. — Transactions. Vol 

II., Parts 4 and 6 ; Vols. IV. and V., Parts 4 and 5 ; Vol. VI., 

Parts 1 and 2. JFVom the Institute. 
Norwich Greological Society. — Proceedings. Vol. I., Part 5. 

President's Address, 1881. From the Society. 
Oxford University. — Catalogue of Books added to the Radcliffe 

Lihrary in 1881. Per Dr. H. M. Ackland, Librarian. 
South Wales Institute of Engineers. — Proceedings. Parts 7 and 8, 

Vol. XII. Part 1, Vol. XIII. From the Institute. 
The Owens College Calendar. Session 1881-82. F-om the Council. 
Wiirwickshire Naturalists' and ArchsBologists' Field Club. — 

Proceedings. 1881. F^om the Club. 



Annual Repobts, fbom the Committees. 

Chester Society of Natural Science. 1881-82. 

Devon and Exeter Free Library. 1881-82. 

Dundee Free Libmry . 1880-81. 

Leeds Philosophical and Literary Society. 1881-82. 

Liverpool Free Library. 1881-82. 

Salford Museum, Libraries, and Parks. 1880-81. 
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Amsbioa. 

Agassiz, Alexander. — ^Musenm of Comparative Zoology, Cambridge, 
U.S.A. 

Annual Eeport of the Curator. 1880-81. 
Bulletin. Vol. VI., No. 12. Vol. VIII., Nos. 1-5. 
Vol. IX., No8. 7 and 8. Vol. X., No. 1, Part 1 . 
Crustacea. 
Hayden, F. V. — Geology of Wisconsin. Vol. III. Survey of 
1873-79. Atlas of Maps for same. 

U.S. Geological Survey of the Territories. No. 2, 
Vol. VI. 
. Eng, Clarence. — ^U.S. Geological Survey. First Annual Eeport. 
1880. Urom the Author. 
^ew York.— American Museum of Natural History. Bulletin. 

No. 1. Fi^om the Committee, 
Smithsonian Institution, U.S.A. — Annual Report for 1880. From 

the Institution. 
^^Wactions of the American Institute of Mining Engineers. 
Vol. IX. £)rom the Council, 

Canada. 

Selwyn, A. R. C, F.G.8.— Report of Progress of Geological and 
Natural History Survey of Canada for 1879-80. (With Maps.) 

Toronto. — ^The Canadian Institute. Proceedings. Part 1, Vol. I. 
New Series. /Vow the Council, 

ArSTEALIA. 

^eral Statistics of Victoria for 1881. 

ftiarterly Reports of the Mining Surveyors and Registrars. 

Victoria. April to December, 1881. 
^port of the Chief Inspector of Mines, Victoria, for 1880-81. 
"ydney. — Supplement to the Catalogue of the Public Free Library. 
1877-78. D^om the Committee, 

Nova Scotia. 

■^^Blifax. — ^Institute of Natural Science. Proceedings and Trans- 
actions. Part 3, Vol. V. From the Institute. 
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FOHEIQN. 

Academie Imperial de St. P^tersbourg. M6moires. YIP S6rie. 

Nos. 1-4, Tome XXVI., and No. 1, Tome XXVIII., Nos. 1-4, 

Tome XXIX., Nob. 1-5, Tome XXX., Bulletm. Nob. 1-2, 

Tome XXV., Nos. 8-9, Tome XXVI., Nob. 3-4, Tome 

XXVII. From the Acadhfhie, 
Buenos Aires. — Officina Nacional de Estadistica Comercial de la 

Kepublica Argentina. Statistics of Foreign Commerce. 1880. 

From the Government. 
R. Accademia dei Lincei. — Transunti. Vol. VI. Fasccolo 2®- 14**. 

Fromlthe Academy. 
Deutsche Geologische Gesellschaft Zeitschrift. Heften 3 and 4, 

Baud XXXIII. Heft 1, Band XXXIV. From the Society, 
Naturforschenden Gesellschaft zu Leipzig. — Sitzungsberichte. 

Parts 1 and 2. 1880. From the Council. 
Naturwissenschaftlichen Gesellschafb Isis in Dresden. — Sitzungs- 
berichte. 1881 ; January to June, 1882. From the Society. 
Eio de Janeiro. — Museu Nacional Archives. Vols. II. and III. 

From the Council. 
Society Toscana de Scienze Naturali. Memorie Pisa. Vol. III., 

Page 1-92. Vol. V. From the Society. 
Societe Eoyale Malacologique de Belgique : 

Annales. Tome XII. (11^ S6rie Tome II.) 1877. 

Proces — ^Verbaux des Seances. January to September, 1880. 
January to March, 1882. FVom the Society. 
Societe Vaudois des Sciences Naturelles. Lausanne. Bulletin. 

Nos. 86-87, XVII. 1881. From the Society. 
Society Geologique du Nord. Lille. Annales. Tome VIII. 

1880-81. From the Society. 



BOOKS PURCHASED 1881-82. 

Callon's Lectures on Mining. Translated liy QtiUoway and Le 

Neve Foster. Vol. 11. (and Atlas). 
Geological Magazine. Nos. 210-219. 1882. 
Paloeontographical Society. Monograph. Vol. XXXVT. 
Zeitschrift.— Berg-Hutten and Salinen Wesen. Band XXXIV, 
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Societies with whom the Society Exchanges its T&AirsAcrioirs, 
AND Institutions and Jotjknals to whom a Copt is sent Fbh. 

I. — England. 

London British Museum. 

Geological Society. 

Geological Survey. 

Geologists' Association. 

Institute of Mechanical Engineers, Victoria 
Street, S.W. 

Iron and Steel Institute. 

Royal Institution. 

Royal Society. 
Manehsater Field Katuralista' Society. 

Free Library. 

Literary and Philosophical Society. 

Owens College. 

Scientific Students' Association. 

SaUord Royal Museum and Library. 

BariMley Midland Institute of Mining Engineers. 

Birmingham Free Library and Museum. 

Bristol Naturalists' Society. 

Camborne Miners' Association of Cornwall and Devon. 

Cambridge Geological Museum, University. 

University Library. 

Chester Society of Natural Science. 

Chesterfield Institute of Mining Engineers, &c. (in bound vols.) 

Cornwall Royal' Geological Society, Penzance, 

Royal Institution, Truro. 

Dudley South Staffordshire and East Worcestershire 

Institute of Mining Engineers. 

Eteter Albert Memorial Museum. 

Leedi Geological and Polytechnic Society. 

Philosophical and Literary Society. 

Leicester • . .Literary and Philosophical Society. 

Liverpool Free Library and Museum. 

Geological Society. 
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Newcastle-on-Ti/ne., Institute of Mining and Mechanical Engineers. 

Oxford Bodleian Library. 

Radcliffe Library. 
North Shields .... Public Free Library. 
Snareshrook The Epping Forest and County of Essex 

JS'aturalists' Field Club'. 
Stoke-on-Trent ,,, ,^OYth Staffordshire Institute of Mining and 

Mechanical Engineers. 
Swansea South Wales Institute of Mining and Mechanical 

Engineers. 

Warwick Natural History Society. 

Watford J Herts. . . I^atural History Society and Field Club. 

Wigan > . . . , Free Library. 

Mining School. 

II. — Scotland. 

Dundee Free Library and Museum. 

Edinburgh Advocates* Library. 

Greological Society. 

Royal Society. 

Royal Physical Society. 
Glasgow Greological Society. 

Natural History Society. 
Hamilton Mining Institute of Scotland. 

III. — Ieelaih). 

Dublin Royal Dublin Society. 

Royal Greological Society of Ireland. 

Trinity College Library. 
Belfast Natural History Society. 

IV. — Australia. 

Melbourne Public Library of Victoria. 

Sydney Free Public Library. 

Royal Society of N. S. "Wales. 
Newcastle John Mackenzie, F.Gr.S. 
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Canada aitd United States. 

Montreal Geological Survey of Canada (A. R. C. Selwyn, 

F.G.S., Director). 
M'Gill College (Principal, J. W. Dawson, F.G.S.) 

Toronto Canadian Institute. 

Albany, 17,8 Verplanck Colvin. 

Boston, U.S Free Library. 

Columbus f U.S. ..Ohio, Geographical Survey of (Dr. J. S. New- 
berry). 

MstoHy U.S American Institute of Mining Engineers. 

Indianapolis, U.S, .E. T. Cox, State Geologist. 

Nmhvm, (7,8, . .Professor 0. C. Marsh, F.G.S. 

New York American Museum of Natural History, Central 

Park. 

Wa%Ungton, U,S. .Department of the Interior U.S. Geological 

Survey. 
Smithsonian Institution. 

VI. — FoEEiGN Societies. 

Min .... Geological Society of Germany. 

Bwnos Ayres .... Officiana Nacional de Commercie. 

Calcutta Geological Survey of India. 

Ohristiania Royal University of Norway. 

■S«/fe, A. 8 Verein fur Erdkunde. 

I^usanne (Suisse) ..Societie Yaudoise des Sciences Naturelles. 

■^*% Societe G^logique du Nord. 

-^**« Sociata di Scienci Naturali. 

"W de Janeiro . . . .Museu Nacional. 
«^. Petersburg .... Academy Imperial. 
■^^^in Academic Royale. 

Vn. SCIENTTPIC JOUKNALS, &C. 

Geologieak Maffazine, Geological Mecord, Mining Journal, Colliery 
Guardian, Iron and Coal Trades Review, 









TRANSACTIONS 

OF THE 

MANCHESTER GEOLOGICAL SOCIETY. 

PiET II. Vol. XYII. Session 1882-83. 

At the Obdinary Meeting of the Members of the 
Society, held on Friday, the 8rd day of November, in the 
Council Chamber, Municipal Buildings, Wigan. 

J. L. Hbdley, Esq., H.M. Inspector of Mines, 

in the Chair. 



THE MEASUREMENT OF AIR CURRENTS. 
By Mr. Joseph Thompson. 



There ought not to be — and presumably there is not — 
anything within the range of the practical applications of 
science which commends itself more and is of greater in- 
terest to those engaged in, and who are responsible for the 
safety of our coal mines, than a consideration of such 
appliances as are calculated to impart useful information for 
their guidance in respect to matters bearing upon the safety 
of life and property ; and it may be added that the efforts 
which societies make by the discussion of matters brought 
before ihem, can aim at no higher practical result, or at 
one more likely to impart a greater degree of satisfaction 

than such as tend in that direction. 

4 
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Among the numerous sources of anxiety inseparably 
connected with the practice of coal mining, there is pro- 
bably none which so much exercises the minds of colliery 
owners and officials as that of the question of yentilation ; 
hence it may be assumed that suggestions bearing upon that 
subject with any degree of practical importance are not 
imlikely to prove more acceptable always than is the case in 
respect of matters necessarily of a secondary character. 

The possibility of the occurrence of an explosion is an 
eyent of far too serious a nature to be in any way Kghtly 
considered ; hence it is that coal proprietors have in many 
cases — during recent years more particularly — ^been un- 
sparing in the provision of capital for the establishment of 
the most efficient appliances, by means of which, in some 
cases, volumes of air are now produced in mines, repre- 
sented by figures in the himdreds of thousands of cubic feet 
per minute. 

In an abstract sense it may perhaps be stated that, by 
the establishing of such powerful means of producing 
ventilation, the duty of mine owners has been abund- 
antly discharged, and there the duty of the officials begin, 
an important feature of which is that of ensuring that the 
useful effect intended by the erection of such costly 
appliances is constantly attained. It cannot indeed bd 
refuted that one of the highest and most important 
functions of a colliery manager — ^in a general sense — ^is a 
careful observation of the operation of such forces as are 
known to have a tendency to influence the quantity oa 
volume of air in circulation within the mine, relying-HUi 
is the universal practice at the present day — upon the pH^ 
cess of dilution for the efficiency of our system <m 
ventilation. 

The barometer, thermometer, hygrometer, and wat^ 
guage are consulted respectively, in order to ascertain tli.< 
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conditions of pressure^ temperature, moisture, and resist- 
ance, and an anemometer is used (whicli for immediate 
purposes is probably of as great, or greater, importance 
than any) in reference to quantity of air. 

Without derogating in the least the great importance 
wHch is attached to the use of the other of these instru- 
ments, it may safely be stated that for immediate purposes, 
at any mine, the indications of the anemometer are of the 
highest importance. Its duty is to indicate effect : the 
study of the other instruments being concerned with the 
explanation of cause. 

It is therefore a most reasonable ground for regret — ^if 
not of something less sentimental — to reflect that the 
anemometer is, as a rule, the least reliable in its indica- 
tions of any of the instruments in use, and that probably 
less system is observed, and a less degree of accuracy 
attained, than is the case with either the barometer or any 
of such other of the instruments which I have named. 
The indications of most of the forms of anemometer 
^hich I have seen used in mines must be regarded as 
^mvocal, and consequently of an unsatisfactory character. 
The task of making observations is one, moreover, which is 
attended with some labour, and not reasonably practicable 
^ he performed with that ease and frequency which under 
^ore favourable circimistances might be considered de- 
^hle. 

A much greater scientific value would attach to observa- 
tions of all the instruments, if those observations were 
^^lade simultaneously at fixed periods during each day, but 
l^ore such can be possible it is manifestly necessary that 
^me superior form of anemometer must be adopted, and 
^lie observation of its indications rendered as easy as are 
those of the other instruments. 

This being done — ^and that is really what is involved in 
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the proposals I am about to submit for your consideration — 
it must be clear to everyone that at any moment, either by 
day or night, a perfect knowledge — ^not only of the opera- 
tions of the natural forces which a£Pect ventilation, but also 
of the actual amount of air circulating in the mine — ^is 
attainable by the expenditure of a few minutes' labour. 

The importance in a practical sense of being constantly 
able to indicate in the office at the surface the quantity of 
air passing through a mine, and, in a scientific sense, of 
the simidtaneous system of making all observations, cannot 
be exaggerated. 

The late Mr. William Peace, of Haigh Colliery — ^formerly 
a Member of this Society, and one whose opinion on 
mining matters was always held in the highest esteem — 
was alive to this importance twenty-five years ago, and de- 
signed, patented, and applied an ingeniously constructed 
anemometer, which indicated on the surface. 

Others have interested themselves since that time in the 
same direction, but it would appear that none, so far as I 
am aware, have hitherto obtained sufficient favour to secure 
their general adoption. 

Various causes could be stated as accounting for this, but 
with the increasing concern which science — ^in its modem 
form of development — takes in mining matters, and the 
increased strictures imposed upon mine owners by recent 
legislation, the necessity constantly grows for increased 
watchfulness in all respects, and particularly in respect to 
the very important question of ventilation. That which 
twenty-five years ago might be regarded as a desirability 
only may be looked upon to-day as an absolute necessity. 

The means which are proposed to be used for indicating 
at one point the velocity of the air current at some otheir 
(and it is important to remember that anemometers are only 
velocity indicators) is not the result of any new and 
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important discoyery^ and will not present, I think, any 
complex f eatares, or involve anything which it is not easy 
for everyone to understand. 

It is simply an adaptation or combination of already 
well-known principles and appliances for the accomplish- 
ment of the purpose in view ; and, having regard to the 
error which some have made, who have exerted themselves 
in the same direction, of aiming at results too high, in- 
volying costs which have proved fatal to the application of 
their designs, I have contented myself by simply rendering 
velocity data attainable with ease, and keeping the probable 
cost of the apparatus so low as not in any way to consti- 
tute a barrier or objection to its adoption. 

In the first place, I adopt the use of what in meteoro- 
logical circles are well known as Robinson's cups ; and while 
numy of you must be well acquainted with the nature of 
their construction, it may still not be undesirable briefly to 
explain that they consist of four hemispherical metal cups, 
with their open sides all turned the same way, and moimted 
At the extremities of two arms crossing at right angles and 
fixed upon a verticle axle. When they are erected the 
^d acts on the concave sides presented to it, and thus 
sets the whole in rotation. 

A very important feature is that the speed of the cups 
^ways bears the same proportion to that of the wind, not 
being equivocal, as has been stated, of other forms of 
anemometers. Of the merits of this form of instrument 
over any other, it might be sufficient to refer to the fact 
^W it is the only one now in general use among meteoro- 
logists, but it may further be added that Mr. Scott, chief 
of the Meteorological Department at the Board of Trade, 

• 

lu describing it, recently stated that it was ^^practically the 
^ velocity anemometer now in use.'' 
These Robinson's anemometers, as made for use at obser- 



34 

yatories, have a train of wheels connected with the axle of 
the cups, to register the wind in miles which has passed 
over them, but these I dispense with, and, instead of re- 
gistering the wind in miles by clock-work, I cause every 
revolution of the cups to make and break an electric circuit, 
to the scope of which there is of course no practical limit. 

This is accomplished by a simple mechanical arrange- 
ment (connected with the axle of the cups) and an electric 
armature, and so arranged that the circuit is complete, only 
each revolution of the cups, a sufficient time to actuate a 
small " dead beat '' hammer upon a surface of porcelain or 
glass at the observing station. 

This hammer and its accompanying apparatus would be 
enclosed in a wooden box, only a few inches square, the 
lid of which would have an attached crank or switch, to 
make and break the electric circuit a second time as the lid 
was opened and closed. By this means the entire appa- 
ratus would be completely free from electric influences, 
except during the short time occupied in making observa- 
tions, which in an economic sense is a point of some im- 
portance. 

The number of beats given by the hammer in one 
minute— or the average of a number of minutes — repre- 
senting the number of revolutions of the cups per minute, 
being ascertained, and the ratio of the speed of the cups to 
the true velocity of the wind, as well as the superficial 
area of the station of the cups being known, the number of 
cubic feet per minute of air passing that point is readily 
ascertained by a process of calculation as simple as is the 
case with other forms of anemometer. Tables could more- 
over easily be drawn up for the purpose of facilitating 
calculations. 

It is not undesirable to note that the electric circuit per- 
mits the establishment of a number of observing stations 
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upon ity and tl^at even in the absence of such stations below 
ground, it would generally be found practicable to count 
the revolutions of the cups, or at least for an accustomed 
eye to form some general comparative estimate of the 
quantity of air passing, if one out of the four cups was 
3)ainted white, and the remainder left black. 

The method of the erection of the cups at the selected 
station within the mine is a matter which obviously will be 
governed by circumstances. 

If fixed at a point frequented only by officials in the 
course of making their iiispections — which is certainly a 
most desirable position — no difficulty of any kind presents 
itself, and even if no suitable position could be fixed upon, 
except where the ordinary traffic of the mine was conducted, 
no serious or insuperable difficulty in the large majority of 
cases will arise, fbr, as will be clear to you from the ex- 
3)lanation given, but little vertical space will be occupied 
T)eyond that of the diameter of the cups, and an iron bearer 
stretching across the place to support the bottom bearing of 
their axle. 

From this brief explanation it is to be seen that the 
advantages attendant upon the use of the best — ^not to say 
the only reliable — ^f orm of anemometer are by the aid of 
applied electric science, placed within the reach of mine 
owners and managers, and that, instead of an untimely, un- 
Teliable report of the quantity of air passing through their 
mines, a thoroughly trustworthy account is made accessible 
to them at any moment. 

Taking into consideration the constant changes, or the 
constant liability to changes, in matters relating to and 
aflfecting the ventilation of mines, the receiving to-day an 
account of the quantity of air which was circulating 
twenty-four hours previously, must manifestly be of little 
immediate practical use, the all-important question inva- 
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riably being, " What is the present condition of affairs P" 
or "What is going on at the present moment?" The 
instrument which I have described is always ready to 
answer this important question, and is really to the 
managers of mines — in ventilation matters — what a steam 
pressure guage is to an engine driver, and is the faithful 
indicator of the degree of constancy in the ventilation, 
spoken of in the first general rule of the Mines Regulation 
Act, and to comply with which, as I previously stated, vast 
sums of money are not unfrequently expended. 

It enables a constant check to be kept upon the opera- 
tions of the fan-minder, or other ventilating apparatus 
man. It is less liable to get out of order than most other 
forms of anemometer ; a material saving of valuable 
officials' time— which is said to represent money — ^is 
effected, and by supplying an hitherto practically absent 
item of evidence, renders a simultaneous system of scientific 
observations of everything pertaining to the ventilation of 
mines easily practicable, from a study of which useful 
deductions may doubtless be drawn, and a greater variety of 
phenomena in connection with the subject probably be de- 
veloped — a consideration in itself which, it must be owned, 
is not by any means to be despised. 

Having in view these apparent advantages, and taking 
into consideration that the cost of the requisite appliances 
is not likely to furnish a stumbling block to their adoption, 
it may, I think, not unreasonably be anticipated that my 
observations will prove to be the means of causing some, at 
least, to turn their attention to the importance of the 
subject. 

There is much room for improvement in the character of 
other instruments in use in connection with the ventilation 
of mines beside the anemometer, as well as in the methods 
of making and recording observations, and there cannot 
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surely be found any study more fitted to the mind of 
minmg officials than that of the natural forces which a£Pect 
yentilation. 

I shall of course be most happy to impart any further 
information I am able to do on the subject^ and to hear any 
statement or discussion upon any objections which may 
occur to any of you touching the practicability, or other- 
wise, of the proposals which you have been patient enough 
to listen to. 

The discussion on the paper was adjourned. 



CENTRIFUGAL FANS. 



The discussion on Mr. Charles Cockson's paper w^s 
resumed. (See Part xviii., Vol. xvi.) 

Mr. C. M. Percy called afctention to the special features 
of the Guibal, Waddell, and Schiele fans referred to in 
the discussion on this paper. He looked upon the paper as 
A very important one, and the manner in which it is 
^ted displayed so much ability that one must hesitate 
before expressing views at variance with the writer. 
He quite agreed with Mr. Cockson that the practical 
results from various fans were so contradictory that one 
^ost lost hope of being able to determine the best fan 
by practical experiments. Mines varied to so great an 
extent that one fan might be worked under favourable, 
^hile another would be under unfavourable circumstances, 
thereby preventing practical results to decide which was 
behest under all circumstances. He did not agree with 
Mr. Cockson that the Guibal fan was so much better than 
the Waddell and Schiele, as his paper would lead us to 



38 

think. His own feeling wsls that the Guibal fan was wrong 
in construction, for two reasons. The blades are con- 
structed in a most peculiar ftishion; they are inclined 
backwards, and then curved forwards, and it appeared to 
him that it wsl8 either wrong to do one or the other, and 
the e£Pect upon the air must be injurious. Another defect 
h£is been found in the fact that the air could only make 
its escape at one part of the fan. He conceived that the 
TTaddell fan was preferable, in that the passages are 
nicely curved and proportionate, so that the area at the 
tips agreed with the area at the centre. He had thought it 
more a correct fan than the Guibal, and the fact that it 
could expel its air at any point of the circumference 
appeared correct. But the results did not appear to be as 
satisfactory as those of some of the others. He thought 
a Waddell fan fixed horizontally, the passages curved back- 
wards and beU mouthing at the periphery dispensed with, 
would show good results. The fan of the three named, and 
constructed as he thought on the best principles, is the 
Schiele fan. It had an expanding chimney in the form of 
a spiral easing, which enabled free and easy discharge of 
the air ; not at one point only, but all round the circum- 
ference. And the narrowed blades, inclined and curved 
back, were more correct in shape than the contradictory 
form of Guibal blades. It is a small fan, and if they are 
able to produce the requisite quantity with a small fan, it 
seemed a mistake to have a large one. 

Mr. OocKSON, in reply, contended that the inclination 
of the blades of the Guibal fan was perfectly right. The 
fact was, the Schiele blades were right for the Schiele, 

« 

and the Guibal blades were right for the Guibal ; and as 
the Schiele fan was practically an open running fan, it 
could only give the water guage or pressure which any 
open running fan would produce. The Guibal fan, on the 
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other hajid^ gave a much greater water guage at the same 
speed. He maintaiiied that the curvature of the blades 
was correct, just as the shape of the Schiele fan blades 
was right for that type of fan. One was, in effect, an open 
running fan and the other a closed fan. 

Mr. W. J. Greener expressed his opinion that insufficient 
attention was often paid to the importance of keeping good 
open airways. The consequence of neglect was that very 
frequently a fan was brought into use and failed to answer 
the expectations that had been formed respecting it. 

Mr. Walter Topping suggested that it might be pos- 
sible to work with duplicated small fans, instead of one 
large fan. He did not express an opinion that it was pos- 
sible, but it might be found that equivalent results could 
be obtained with two small fans as with one large one. 

The discussion ivas again adjourned. 
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TRANSACTIONS 

07 THB 

MANCHESTER GEOLOGICAL SOCIETY. 

Part HI. Vol. XVII. Sessiow 1882-83. 



At the Ordinary Meeting of the Members of the 
Society, held on Tuesday, the 6th day of December, 1882, 
ii the Literary and Philosophical Society's Rooms, George 
Street, Manchester ; 

John Aitken, Esq., J.P., President, 
in the Chair. 



NEW MEMBERS. 



-^be following gentlemen were balloted for and duly 
elected ordinary members of the Society : — 

^^. George Caldwell, Moss Hall Collieries, Wigan. 
^i*. James Cunliffe, Bridgewater Collieries, Walkden. 



THE OWENS COLLEGE MUSEUM. 



"Rie President said it would be interesting to the 
^^bers to know that the arrangement which was some 
years ago entered into between this Society and the 
Manchester Natural History Society on the one hand, and 
Owens College on the other, was likely soon to be carried 
^^t. In 1869 the two Societies agreed to hand over their 
Natural History and Geological Collections to the Extension 
'^^^^Quoittee of Owens College, on condition that that com- 
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mittee^ within four years, provided accommodatioii for them, 
and that the public were admitted to view the collections on 
certain days of the week free of charge. The Extension 
Committee, however, on account of the heavy demands upon 
them in respect of the College, found themselves unable to 
carry out their part of the arrangement ; but they gave an 
assurance that at no distant period they would do so, and 
would also provide rooms for other collections of which they 
had become possessed. He had pleasure, now, in being able 
to inform the members that the difficulties which had 
hitherto stood in the way of carrying out that arrangement 
were in a fair way of being overcome. At a representative 
meeting held in the Manchester Town Hall a fortnight ago, 
the Mayor presiding, a committee was appointed to raise the 
necessary funds for building a new museum ; the plans had 
already been prepared by Mr. Waterhouse, and they might 
hope within a reasonable period to see the new structure 
rise above the groimd. The building would be of such a 
character as would offer every facility for the proper display 
of all the collections, and it would also, he was sure, be an 
ornament and a credit to the city of Manchester. 



THE PERMIAN ROCKS, SOUTH OF 

MANCHESTER. 

Professor Boyd D a wkins called the attention of the Society 
to the discovery of a new area of Permian and coal-measure 
rocks south of Manchester. The Permian f ossilif erous marls 
and sandstones have been penetrated by the sewers now 
being made in Mauldeth Road, and in Bumage Lane, 
Withington, and the Ardwicklimestone with its characteristic 
spirarbia carbonarim in Bumage Lane, north of Cringle Brook. 
Botl^ tl^ese ropks are in tl^e area assigned to the pebble beds. 
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or Lower New Bed Sandstone in the Maps of the Geological 
Survey. He proposes to bring a detailed account of the 
discovery before the Society when the sewers are sufficiently 
advanced to allow of his mapping the rocks in question 
which lie buried beneath from 15 to 20 feet of sand and clay. 

Mr. Burnett observed that, in a boring at Deakin's 
Brewery, not very far from the locality mentioned by Prof. 
Dawkins, the Permian Marls were reached, at a depth of 
about 250 feet. This showed that there must have been a 
great uprising of the Permian Marl in the direction indi- 
cated. 

Mr. Dickinson said that near where the Manchester City 
Gfaol is built the Ardwick limestones were worked some 
years ago, but that was considerably further north than the 
place mentioned by Professor Dawkins, where the Permians 
been recently discovered. 



THE MEASUREMENT OF AIR CURRENTS IN 

MINES. 



Mr. Thompson gave a remmi of his paper read at the last 
meeting upon this subject, the. discussion on which had been 
postponed. [See Part 2, Vol. xvii.] 

Mr. Dickinson said he supposed that the writer of the 
paper, when he spoke of Robinson's anemometer as being 
"the only one in use,'' meant to say for meteorological 
purposes, and not for use in mines, because to his (Mr. 
Dickinson's) knowledge, only one such anemometer was in 
use in this County, and that was at Mr. Herbert Fletcher's 
Ladyshore Colliery. The anemometers in use at collieries 
^ere of various kinds, but he^ was not aware that he had 
any addition to make to What he had already, in his 
Paper on Measuring Air in Mines, laid before the 



44 

Society upon this subject. He might ask Mr. Thompson ii 
what respect his register differed from that proposed by Mi 
Hall some time ago — ^that was^ by sound brought into th< 
office; or from that recommended by the late Mr. Peace 
Both of them were self -indicating anemometers. 

Mr. Thompson said he had not had an opportunity o 
seeing the instrument introduced by Mr. Hall, but if i 
embraced the principle of the telephone the question o 
expense would be some difficulty in the way of its genera 
adoption. Mr. Peace's instrument was no doubt very inge 
nious, but it depended, in its action, upon the cone, and thi 
cone hanging in the shaft, became loaded with the dust anc 
dirt that fell down the pit, and caused it to indicate abnor- 
mally. In addition to that, the rushpast of the cage, ead 
time it passed up or down, produced a sort of hurricane, and 
caused the needle indicator to dance about ; and he thoughl 
the instrument frequently sustained damage in that way 
Speaking of " the only anemometer now in use," what he 
meant was an anemometer which is an acknowledged registei 
of the velocity of the wind. The law had been admitted bj 
everybody, since Dr. Robinson's days, of the proportioB 
which the velocity of the wind bears to the velocity of the 
cups, and he thought the reality of the investigations justi- 
fied him in speaking of the cups as a reliable scientific 
apparatus. 

Mr. Seddon said he formed the idea, from Mr. Thompson's 
paper, that the instrument described was a very ingenious 
combination of the principle of electricity, as illustrated by 
the telephone, and of the meteorological system of observing 
the velocity of the wind, and from what he had seea of the 
two, separately, and also from his knowledge of pits, he 
had come to the conclusion that it was practicable, 
and desirable, as far as large mines are concerned, that 
Mr, Thompson's idea should be thoroughly tested. He 
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thought he was right in saying that it had not yet been 
brought into practice, but he gathered from what Mr. 
Thompson said at Wigan, that it shortly would be, and until 
tbat time arriyed it would remain an tmdeyeloped theory^ 
biit capable of practical application. The difficulty he 
saw, himself, in connection with it, was that in no matter 
how isolated and undisturbed a part of the mine it might be 
placed, it would still, in a certain degree, be liable to gather 
dost This might be even where the atmosphere was generally 
exceptionally fine. He assumed, the great object would be 
to place it in the return air- way ; but he could see that, even 
m a quiet dumb drift, which was a &yourable place for 
ohserying its action, it would be liable to gather dust, 
which might yary its motion and necessitate frequent 
cleaning, and undergroimd workers were hardly the sort of 
men in whose charge such delicate instruments could be 
placed for adjustment. That was the difficulty he saw, but 
Mr. Thompson's ingenuity might be able to overcome it. 
It was also open to question whether the fact of being able to 
take obseryations on the surface by the aid of the telephone, 
would not induce idleness on the part of those who should 
attend to that duty in the mine rather than on the surface. 
Mr. Wild said he would like to hear the result of the 
trial at Mr. Herbert Fletcher's colliery. He could form no 
opinion of the possible utility of the telephonic arrangement. 
They had had in use at the Bardsley colliery, many years, an 
apparatus consisting of a light float-board a foot square, 
^^g in the return air- way, and the register was actuated 
V a string from the float going oyer a small pulley, with 
& slide indicating the number of feet passing per minute. 
This arrangement seemed to have acted very well. Occa- 
sionally it would collect a little dust from being in the return 
air way; but it was the thinnest film possible. It was 
sufficiently accurate as a rule for practical purposes. 
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th^t. this formation is composed of several distinct beds, in- 
dicating in some degree changes in the condition of 1^ sea- 
bed, expressed by a fauna, containing species peculiar to each 
horizoi^, and he has established that in certain portions of 
the area, the lower beds were never deposited at all, and the 
middle beds rest either directly on the Silurians, or upon 
the Old Red, but this formation is also present on the base 
of the lowest beds known, consequently it may be regarded 
as the local base of the Carboniferous series, and occasionally 
is the equiv^ent in time, of true beds of Carboniferous 
Limestone, in other portions of the area. These Car- 
boniferous basement-beds resemble the true Old Eed of 
South Wales, in consisting of alternations of shale, and 
shingle beds, with occasional lenticular masses of earthy 
limestones, resembling the ** corn stones " of South Wales. 
Both shale and shingle beds are stained a deep red by the 
presence of iron, and all water issuing from them is distinctly 
ferruginous. 

I have lately had the opportunity of examining the 
base of the Carboniferous series in the neighbourhood of 
Sedbergh, and have followed the Old Eed, or "Basement 
beds" for many miles along the Craven fault. The character 
of the beds is precisely like that exhibited by the Denbigh- 
shire and Flintshire rocks of this age, with a much increased 
thickness in Yorkshire, wherewith not only similar iron- 
stained shale, and iron-cemented pebble beds occur, but the 
included fragments appear to have had a common origin, 
a pale green rock occasionally containing Ludlow fossils 
being especially noticeable, and as in Wales, the limestones 
are conformable to the basement beds, but the latter are 
unconformable to the underlying Silurians. This is also 
the case in the so-called Old Bed beds, still further north, 
forming the base of the magnificent pile of carboniferous 
rocksi forming the Cross Fell range, in the Yale of Ed^ii 
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wKere the same ironstained conditions are obeenraUe, and 
haematite iron-ore has been worked to a limited extent. 

Oousidering theise facts as a whole, the questions arise, 
What relation in age of deposition, has the iron-ore occurring 
at ihe bottom of the Carboniferous Limestone to that occur- 
ring on the top of that formation in the Fumess district, 
in Soutii Wales and Somersetshire ; and, is the iron-ore 
occurring disseminated through the Old Bed or Basement 
beis a contemporaneous deposit, or is it due to subsequent 
infiltration P 

To these questions, an answer is, I think, in some degree 
{omished by a very interesting section that has been opened 
out by the Abergele Heematite Co., at Nant Tlchaf in 
Denbighshire, at the back of the range of Carboniferous 
Limestone hiUs which run parallel to the coast between 
Abergele and Old Colwyn. The mine is situated on the 
lowest beds of the Old Red, or basement beds of the Car- 
boniferous, and the depth of the workings is limited by the 
presence of the Denbigh Flags of Silurian age, the dip of 
of these beds is followed seawards as far as the boundary of 
the mining property will allow. Immediately below the shaft 
to the south is the outcrop of the Silurian rocks, aTlittle way 
^'p the hill northwards is the base of the Carboniferous 
limestone, which probably attains a thickness of 1,000 feet, 
the hill not being high enough to bring in the highest 
beds. The total thickness of the Old Eed is about 300 
feet, of which the operations of the mine have proved 
tbe lower 150 feet. Good examples of the com stones 
bave been passed through in the Engine shaft, and 
Masses of conglomerate occur associated wkh thick 
deposits of Bed Haematite iron-ore, tmd Manganese which 
appear to have been deposited by water percolating from 
^bove, and in many cases to have entirely replaced the 
limestone originally occupying the mie, soUd mas^ea of 
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Maoiganese and HsBmatite following the dip of the strata, 
with all the regularity of the bedded rocks, which they have 
replaced. These ore-deposits yary in thickness from six to 



stone, beneath the ore deposit is a thin bed of dark red 
sandstone lying immediately on the Silurian flag floor the 
surface of which is extremely irregular and appears to be 
Waterwom, channels filled with ore-deposit, being separated 
by ridges of the Denbighshire grit, over which the thickness 
of the ore is much reduced. 

The No. 1 shaft is nearest the outcrop of the *' Basement 
Beds," it is 400 feet above Ordnance datum, and is 15 yards 
. in depth, it is carried entirely through the basement beds, and 
is over the Silurian rocks which, I am informed, has been 
bored into to a depth of 16 yards and no ore discoyered. The 
B«d Hasmatite was worked here some time ago, and a 
considerable quantity obtained following the dip to the No. 
2, or engine shaft, which is 40 yards in depth, and 80 yards 
distant from No. 1, measured on the surface. Nothing was 
known at the time of the existence of Manganese, nor was 
its presence ascertained when the present management first 
commenced, its hard and compact character recommending 
itself as a suitable road material, and a layer six inches deep 
of it was spread over the lane connecting the mine with the 
high-road, shortly after this the attention of Major Wright, 
of BagiUt and Bhyl, was drawn to the material and he 
found it on analysis to be a Manganese ore, containing 
60^9 of metallic Manganese and a small proportion of 
Hsematite, the thickness on an average is about 3 feet, but 
it varies from 7 inches to 7 feet in thickness, it rests upon 
the Haamatite which decreases in thickness as the Manganese 
increases, the united ore- deposit remaining about the same, 
the maximum being 17 feet and the minimum 6 feet. 

^^en I exafnined 4}ie district in June .of the present year. 
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I foimd that deserted fihafts Ixad been sunk to ihiiiBi 'Ore 
Uglier up on the hill, by pre no us explorers, and it struck 
me that here also the manganese ore, probably formed the 
loof, and had been left through ignorance of its character, 
this has, I am informed proved to be the case. The evidence 
afforded by the two mines, proved the existence of distinct 
furrows in the Silurian floor, which have been filled up with 
ore, haematite below and manganese above, deposited from 
the interpolating through the upper portion of the basements 



A careful series of investigations have recently been 
carried out by my friend Mr. E. Wethered, F.G.S., F.C.S., 
into the quantity of water dijSerent rooks are capable of 
holding when saturated, from which it appears that a cubic 
foot of Carboniferous Limestone is capable of only absorbing 
0043 of a gallon of water, or 3^ million gallons to a square 
mile 3 feet thick, while the millstone grit of the Bristol 
coal-field absorbs 0*081 gallons of water, or 6 million gallons 
per square mile, and the millstone grit of the Forest of Dean 
absorbs no less than 0*854 of a gallon of water to a cubic 
foot, or 71 million gallons to a square mile, and he points 
oat the direct relation of this degree of porosity has to the 
presence and richness of the haematite contained in the 
Workable beds of haematite occurring in the impermeable 
grit of the Bristol district, while they are extensive and 
important in South Wales, and the Forest of Dean, 
where the grit is porous, and admits the ready passage of 
water, and he agrees with Mr. Etheridge that the haematite 
is derived from the iron by percolation of water, which in 
the case of the Carboniferous Limestone, from its imperme- 
able character, must be along lines of joints and fissures only 
these being traversed by water charged with carbonate of 
lime and iron. Complete saturation taking place the excess 
of carbonic acid was given off, and carbonate of lime separ- 
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ated in the crystalline state, and later peroxide of iron was 
thrown down, when oxidation was possible. 

The chemical process suggested applies to the remarkable 
deposit of manganese and haematite at Abergele, but not as 
to the geological age of the infilling, or the source from 
which the ores were derived. There is every reason to 
believe that the manganese and haematite deposit continues 
northward under the hills of Carboniferous Limestone, and 
possibly under the sea itself, and if the ores were derived 
from Triassic rocks since denuded, it follows that the water 
percolating through them, and abstracting the ores contained 
in them, must have percolated through the entire thickness 
of the Mountain Limestone, a depth of not less than 1,200 
feet, then through the alternations of shaly beds and con- 
glomeration forming the basement beds, which is in the 
highest degree unlikely, as ores so carried would be depo- 
sited in surface fissures and caverns in the after beds, as is 
the case with the haematite deposits of South • Wales and 
^merset, derived from percolation from the Triassic rocks 
and of the Fumess district, derived from percolation from 
the Permian rocks, which for practical purposes may be 
regarded together as post-carboniferous. Those occurring in 
the Basement Beds would appear to be derived from perco- 
lation through the beds themselves, and the subsequent 
segregation of the metal at the bottom of the deposit, 
where the further descent of the water was cut off by the 
impermeable floor of Silurian flag, in this case it would 
appear that the introduction of the manganese and iron was 
contemporaneous, but that its concentration was subsequent 
to its deposition, the process having gone on by a species of 
pseudomorphism, the limestone being gradually replaced by 
the metalliferous deposits. If this view be established, there 
are two sources of supply of haematite occurring in the 
Carboniferous Limestone and its Basement Beds — one 
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ooming in from beds above the Carboniferous Limestone^ 
and deposited in fissures in its upper beds, the other 
derived from the upper portion of the Basement Beds and 
deposited in flats, and beds, immediately above the junction 
of the carboniferous series, with the Silurian floor beneath. 

In connection with this subject, it is worthy of note that 
in parts of the Lake District of Cumberland and 
Westmoreland, veins and fissures fiUed with hsematite 
occur in situations where there is strong reason to believe 
the Old Bed, or Basement conglomerate, was once present 
North of TJlleswater and elsewhere in the Lake District 
some fragments of this formation still remain, and a careful 
study of the surface configuration of the ground leads to the 
conclusion that many upland cols and valleys belong to 
on ancient system of drainage, since destroyed by denuda- 
tion, and that the Basement conglomerate still remaining 
in some of them occupy hollows cut in the Silurian rocks in 
pre-carbonif erous times, and there is much to support the 
view, that these ancient valleys were once all filled with 
the Old Brod, or Basement beds, and that subsequent 
faulting in the Silurian floor beneath, allowed the 
introduction of Iron Ore into the fissures laid open by the 
faulting until filled up by percolation of water from above. 

To sum up the facts noted, (1) it would appear probable 
that the discovery of rich deposits of manganese near Abergele 
may lead to its being found in some of the very num^^us 
localities along the Welsh border when the same conditions 
prevail. 

2. That the source of this ore deposit was the Basement 
beds themselves, the metal being concentrated by percolation 
of water downwards until arrested by the impermeable floor 
beneath. 

3. That the hsematite of the Lower Silurian rocks of 
tlie Lake District have had a similar origin, 
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4. That the iron ore lying near the surface of the carboni- 
ferous limestone in South Wales, Somerset, and the Furness 
districts have a distinct origin, and are derived, as suggested, 
from the Permian and Trias red rock. 

5. That the cobalt associated with limonite, of Cwm, near 
Rhyl, described by my former colleague. Dr. Foster, H.M. 
Inspector of Mines, belongs to the last set of conditions. 



Mr. Stirrup said that he had been greatly interested in 
this paper, because it had always been a puzzle to know 
whence the great deposits of haDmatite and manganese had 
been derived. It should be understood, however, that those 
ores might have been formed almost at any period ^that 
they did not belong to any one age in particular. Only 
recently he read an account of some iron ores being found 
in Spain — ^they were called bog iron ores — ^which contained 
leaves of trees and plants which certainly were of late 
tertiary age. The opinion which Mr. De Ranee had given 
was one which seemed to bear the impress of truth. He 
(Mr. Stirrup) had always understood that the colour of the 
red rocks — ^both of the old red and the later Triassic rocks — 
was derived from iron oxide. The present thickness of those 
beds gave them no idea of what might have been their thick- 
ness originally ; and it was from those vaster deposits of red 
rock that possibly the remarkable deposits of iron ore, now 
so valuable, had been derived. 

Mr. Dickinson said the formation and filling up of mineral 
veins was a wide subject — one which, of itself, would occupy 
a large volimie. The experiments of Mr. R. Vere Fox in 
Cornwall, and Mr. John Leithart, of Alston, Cumberland, 
were a study in themselves. The conclusion which both 
those gentlemen arrived at was that the formation was due 
to a slow and gradual process of transmutation, or trans- 
position. Mr. Leithart; from his experiments, showed that 
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there was this change going on in the mines, and that crjrs- 
tals were gradallj being formed — that it was a slow process 
and not the result of any sudden yolcanic eruption, as had 
been sapposed. In Kirkcudbrightshire a large portion of 
the haematite that existed was found in the red veins ; and 
in the Forest of Dean the haematite lay below the main beds 
of limestone, but in a coarse limestone locality called creese 
stone. Limestone seemed to have a great affinity for iron ; 
many of the principal deposits were in it ; and many beds 
were changed from limestone actually into iron stone in 
different parts of the district. The subject, however, was a 
wide one, and he could not think of entering into it in rela- 
tion only to one small district. 

In reply to Mr. Burnett, 

Mr. Db Range said that the iron ores in the Fumess 
district appeared to belong to a different set of conditions 
from those which occurred in the Silurians of the Lake 
district. The two districts happened to be near each other, 
bat the method of deposition appeared to have been dis- 
similar. With regard to Mr. Dickinson's remarks respect- 
ing the affinity of limestone for iron, it occurred to him 
that limestone was especially liable to have open joints 
and fissures. Careful experiments made lately by Mr. 
Wethered, in connection with the Underground Water 
Committee— of which he (Mr. De Ranee) was Secretary — 
had clearly shown that limestone was one of the rocks which 
contained and absorbed the least amount of water ; whereas 
the sandstones contained more,- and the open sandstones still 
more. They could readily understand that water travelling 
through the mountain limestone could not pass through the 
body of rook, because it contained only '043 of a gallon per 
cubic foot — a most homoepathic quantity — ^but they knew 
from experience in Derbyshire and elsewhere that there 
were widerground streams in the carboniferous limestone, 
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and that the water did not pass through the rock but 
through the fissures in the rock ; and when water, travelling 
through the fissures, could no longer find an outlet, matter 
either in mechanical suspension or chemical solution was 
thrown down into the fissure. It was not that the limestone 
had affinity for iron, but that limestone was the best jointed 
rock with which they were acquainted. 
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OF THE 

MANCHESTER GEOLOGICAL SOCIETY. 

Pabt IV. Vol. XVII. Session 1882-83. 

At the Ordinary Meeting of the Members of the 
Society, held on Friday, the 5th day of January, 1883, in 
the Council Chamber, Municipal Buildings, Wigan ; 

J. AiTKEN, Esq., J.P., President, 
in the Chair. 



The following are the recent additions to the librajy : — 

Broeck, E. V. : Four Pamphlets by E. V. Broeck.— -From the Author. 

Corawall : Catalogue of Library of the Royal Q^ological Society of, 1882. — 

^ the Society, De Ranee, G. E. : Eightii Report to British Association on 

Underground Water Supply. — From the Author. (Geological Magazine: 

Nob. 220-23 ; ISS2-Z.— Purchased. Geological Record for IS7 S.—Purchased. 

Hertfordshire Natural History and Field Club : Transactions ; Part 2, Vol. 

^'—Prom the Council. Institution of Mechanical Eng^eers : Proceedings ; 

No- 3 ; 1882. — From the Council. Liverpool (Geological Association : 

^^^Rttsacticms ; Vol. IE.; Session 1881-82; Annual Report, ISS'l. — From 

^^ Society. London (Geological Society : Quarterly Journal ; No. 152, 

Vol. XXXVin. ; last of FeUows (November, 1882).— JVm the Society. 

london (Geologists' Association: Proceedings; No. 6, Vol. VII. — From 

^^ Council. London : Royal Institution : Proceedings ; Nos. 73-74, Vol. 

^•, Parts 4-5. — From the Society. Hanchester: Victoria University: 

Vendor ; Session 1882-3.— JVom the Council. Manchester Field Naturalists' 

Society: Report for 1881-2. — From the Council. Midland Institute of 

^liueere : Transactions ; Parts 58-61-62, VoL Vm. ; and Revised Rules.— 

^ the Council. Mining Institute of Scotland : Transactions ; Parts 6-18, 

Vol. rv.; 1881-2. — JVm the Council. North of England Institute of 

Engmeers : Transactions ; Part 6, Vol. XXXI. ; Parts 1-2, Vol. XXXH.— 

^fom the Institute. Salf ord Museum, Library, and Parks : Annual Report, 

188U2. South Wales Institute of Engineers : Proceedings ; Part 2, Vol. 

Xm.— Jrom the Institute. Hayden, F. V. : U.S. Geological Survey of the 

Territories ; Bulletin ; Nos. 1-3, Vol. VI. New York : American Museum 

^ Natural History: Bulletin, Vol. I., Parts 2-3; 13th Annual Report 

(February, 1882). — From the Committee. Smithsonian Institution, U.S.A. : 

1^ of Foreign Correspondents (corrected to 1882). — From the Institution. 
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Australia: Annual Report of the Department of Mines, 1880-81 ; Joun 
of the Eoyal Society of New South Wales, 1881 ; Minerals of New Sou 
Wales. New South Wales : Brief Statistics and Descriptive Account c 
by Thomas Richards ; 1882.— JVewi the Royal Society ^ N.S. JT. Quartei 
Reports of the Mining Surveyors and Registrars ; Victoria ; June, 1882. 
From the Secretary of State, Victoria. Foreign : Acad6mie Imp^riale ( 
Scieot!8B, St. Petersburg : M^moires ; VIF Serie ; Tome XXX., Bulleti 
Nos. 4, 6, and 8. — From the Academic. Buenos Ayres : Officina Nacional 
Estadistioa Commercial de la Reptiblioa Argentina ; Continued Statisti 
1682b ^^JFVom the Government, R. Accademia dei Lincei : Transun 
Vol. VII., Fas. I". — From the Academy, Deutsche Greologische G«sellscha 
Zeitschrift : Heften 2-3, Band XXXIV. ^From the Society. Society Tosca 
de Scienze Naturali : Frocessi ; Vol. HE. — From the Society, Soci6t4 Roy; 
Malacologique de Belgique : Annales ; Tome XIV.-XVI. — From the Socie 



The Hon. Secretary took the opportunity of urgii 
upon Members the desirability of there being a mo] 
general response to the demand for suitable papers to 1 
read at the meetings. On this occasion, Mr. H. Hall hi 
kindly undertaken, at very short notice, to provide one. 



NEW MEMBERS. 



The following gentlcfmen were balloted for, and du] 
elected Ordinary Members of the Society : — 

Mr. Thomas Gt^e^ismith, Manager, Moston Oollier 

near Manchester. 
Mt. William Penn Mather, Iron Wotks, Salford. 



A NEW ANEMOMETER. 



*^ BesoripticAi of a new Anemometer, invented by Modfioei 
Botrrfon,*' communicated bjr Mr, Henry Hall, H.S 
Inspector of Mines. 

Mr. Hall iPemarked that M. Bourdon wns the invent 
oJ steam and pressure guages of every description, and thi 
aiti»mgb wsw a very old man, he still seemed to be workis 
ikt iieW i!£Lventions. Tlie paper describes the anemoioeter \ 
nearly 4ts possible in M. Bourdon's own words. 
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THE MULTIPLYING ANEMOMETEB FOR MEASUKING 
THE SPEED OF THE WIND IN THE 
GALLEEIES OF MINES. 

Taking for the starting point of my inquiries the well- 
known property which the converging and diverging tube 
of Yenturi possesses of producing at the point of junction 
of the trumcated summits of the two cones^ a degree of 
vacuum which is measured by a column of water higher 
than the generating current which enters it^ I have thought 
that by graduating in order several tubes of similar forms 
with decreasing diameters, I should obtain at the last step 
of the apparatus thus made a degree of vacuum much 
greater than that which could be obtained with a single 
tube. 

Experience has confirmed my surmises, and it is upon 
this principle that I have constructed the ^' Multiplying 
Anemometer." 

Arrangement and Reapectwe Proportions of the Tubes 

compoising the Anemometer. 

Where it is required to measure the movements of air 
where the speed is above three metres a second (about 10 
feet), the number of tubes which compose the instrument 
may be limited to two, and of , the dimensions indicated 
npon Fig. 2. 

The interior tube ought to be placed exactly at the centre 
of the exterior tube, and there be secured by at least three 
little rivetted crossbars at equal distances from each other. 

The two truncated cones forming the interior tube ought 
to have between their small bases a circular space free of 
about six-tenths millimetre, surrounded by a copper collar, 
aarving to unite the two cones together, and to establish by 
means of a little pipe or tube a communication between the 
interior of the tube and the manometer indicating the 
degree of vacuum. 
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Afterwards fix upon the body of the instrument a pipe 
of copper of small diameter (4 to 5 millimetres), bent 
according to the form shown on Fig. 4. 

One of its extremities presents itself at the centre of the 
egress orifice of the large tube, and the other reaches to the 
second arm of the manometer. By this means is estab- 
lished the equilibrium of pressure necessary for the correct- 
ness of the instrument. 

Fig. 3 represents an anemometer with three tubes fixed, 
according to the arrangement shown for that of two tubes. 

Its sensibility, or in other words the height to which it 
can raise the column of water in the manometer P N, is 
quadruple of that obtained with an anemometer of two 
tubes, and it is most suitable for measuring very feeble 
currents, and combined with a registering apparatus with 
clock movements, it traces the curve of the variation of the 
speed of the current with much more exactness than the 
anemometer with only two tubes, and is also suited very 
well for putting into play electric bells employed as warnings 
of insufficiency or excess of ventilation. 

Although the figures here annexed only represent instru- 
ments composed of two and three tubes. It is understood of 
course that the number of them can be increased, and the 
height of the water in the manometer will be proportion- 
ately increased, but constituted as shown on the sketch. 
The instrument satisfies every condition required for the 
measurement of the speed of the wind, and to that is added 
the advantage of its being easily carried and fixed in the 
galleries of mines. 

Mode of Working of the Multiplying Anemometer. 

At first sight it is difficult to understand the cause which 
in this system of anemometer produces at the small section 
of the last tube a negative pressure, which increases very 
rapidly in amount as the number of the tubes which com- 
pose the instrument are increased. 
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In order to explain this, and to make it easily under- 
stood, it will be well only to consider at first what is the 
ejBFect produced by a single tube, to which is fixed on the 
side of the entrance of the wind a manometer P (see Fig. 1)| 
serving to measure the pressure due to the propulsive action 
of the ventilator ; then at the small section of the diverging 
cone another manometer P N, indicating the negative pres- 
sure engendered at that point by the contraction of the 
fluid medium. 

When the ventilator puts the air into motion the column 
of water will be seen to raise itself in the manometer P N 
to a height six times greater than that indicated by P, and 
'W^hich indicates the pressure due to the speed of the current. 
It follows, then, that with a single tube one can increase 
in the ratio of 1:6 the height of the column of water which 
measures not directly, as with the tube of Pitot, but by 
^£Perence, the pressure and eventually the speed of the 
'^^nd circulating in a gallery of a mine. 

This kind of pneumatic action of the tube with the 
double cones being well understood, it will be easy to see 
h-ow a second and a third tube of the same form, but of de- 
^^easing dimensions, possesses the property of increasing at 
^^ch step the degree of vacuum produced by the first. In 
*^ct, if into the interior of the first tube, just at the point 
^'tere the column of air reaches its maximum contraction, 
^^e introduces the diverging extremity of a second tube of 
^O.e same form, but small enough, so that it only occupies 
^lie central part of that which surrounds it, the flow of air 
^11 increase in this second tube, not only on account of the 
Px'opulsive action by which the whole of the current air is 
^imated, but still more through the influence of the atmos- 
pheric pressure, which presses with all its weight upon the 
^iitrance orifice, whilst the outward orifice is plunged into a 
Medium of air already sensibly rarified. 

The comparison between the heights of the water in the 
manometer P and of that in P N, which was 1:6 m^ ^ 
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single tube^ will be 1:20 with an instrument of two tubes, 
and if a third is added and fixed in the same manner as the 
second, but of smaller dimensions, then the indication will 
be quadrupled — ^that is to say, that the column of water 
kept in equilibrium by the excess of the pressure of the 
atmosphere over that existing in the interior of the third 
tube will be in the proportion of 1:80, or 80 times higher 
than that obtained with the single tube of Pitot. 

It would seem natural to suppose that the height of the 
water being as 1:6 with a single tube, it ought to be multi- 
plied by 6 for the second tube, but that is impossible^ for 
Hub reason : the passage of the air current is not entirely 
free, as with a single tube. That which comes afterwards 
and occupies the central part retards the passage of the 
current, from which results a lessening of its power. 

The advantages which are peculiar to this system of 
anemometer are easy to imderstand. Its extremely simple 
construction necessitates no moveable part, and to this may 
be added the excellent property of increasing considerably 
the height of the manometrical colunm, generated by the 
speed of the current. 

It may be said that it furnishes a new means of increasing, 
like that of the microscope, but very diflferent in its nature, 
and can, like it, render very useful services for purposes 
such as the measurement of the air in mines. 

Determination of the Speed of the Wind with the 

Anemometer of two Tubes. 

In order to measure the speed of the wind by this system 
of anemometer, the most simple method consists in putting 
into communication, by means of a pipe of small diameter, 
the last conical tube of the apparatus with a manometer 
vertical water tube, or with a manometer with a tube in- 
clined, which by reason of the length of its divisions renders 
easy the reading of very small variations of the height of 
the column of water. The instrument must be placed upon 
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a sapport 3 or 4 feet high — ^that is, about half the height of 
the gallery, taking care that the arrow heads traced upon 
tlie big tube are turned to follow the direction of the 
current. 

Under the influence of the speed of the current, the 
water will rise in the tube of the manometer P N, and after 
fiome moments will maintain itself at an average height. 

With an anemometer of three tubes you will proceed in 
precisely the same way, the difference in the result being 
that the water is raised four times higher than is the case 
with the anemometer of two tubes. 

Viksses du vent et depressions observe a chacun des 

trois tubes. 

PBB8SI0N 

VITE8SB en millimdtTes d'eau 

(b vent et m^treB contre DiPBBSSiON en millimbt&bs d'sau. 

par seoonde iin tube ouvert *^ v^ ^ 

Y .- — == -^ Yl au premier aadeuzi^me autroisitee 

v = A^2^11. ^2^ ^^^ ^^^ ^^ 

HUB. mnit mm. mm. mm* 

1-10 0-1 0-3 0-9 4 

1-50 0-2 0-6 1-8 6 

1-90 0-3 0-9 3-6 11 

2-30 0-4 1-3 4-6 17 

2-60 0-5 1-7 60 21 

3-00 0-6 2-1 6-5 28 

3-20 0-7 2-5 9-2 35 

3-50 0'8 3.0 10-8 44 

3-70 0-9 3-5 140 56 

3-90 I'O 4*0 16-0 65 

5-70 2-0 8-0 320 " 135 

6-90 3-0 13-0 520 210 

800 40 170 70-0 290 

9-00 5-0 21-0 87-0 370 

9-80 6-0 260 110-0 450 

10-50 7-0 300 126-0 530 

11-30 8-0 35-0 149-0 620 

12-00 9-0 40-0 168-0 710 

12-70 10-0 45-0 190-0 800 



64 

Mr. Bryham said the new anemometer seemed to him to 
be an instrument that might be used with very great 
advantage. 

The President expressed the opinion that this was a very 
important application or extension of a principle which was 
already known. The invention seemed very valuable on the 
ground of its simplicity as regards construction of the 
instrument. Moreover, the cost involved in its application 
would not be great. He would be glad if Mr. Hall would 
state if the anemometer in question had been applied prac- 
tically^in any mine, or was its invention so recent that there 
had not as yet been any attempt to apply it practically. 

Mr. Hall said that, so far as he knew, it had only been 
used experimentally. The attention of the French Conmiis- 
sioners on Fire Damp had been called to it, and they mad"" 
some experiments, and reported that they found that the 
anemometer might be used with advantage to measure 
velocities, where velocity was about 13 feet per second, but 
that where more than three tubes were needed to measure 
velocities they considered that there might be a danger 
of the smallest tube getting chocked up with coal dust. 

The President : What is the diameter of the smallest 
point of the smallest tube P 

Mr. Hall : Five-sixteenths of an inch only, but with a 
three-tubed instrument the diameter might be much larger 
by enlarging the size of the outer tubes. But another 
difficulty is arrived at then, viz., that the machine becomes 
so large as to obstruct, in some degree, but not to the extent 
that it would at first sight appear to do, because the air is 
travelling through it all the time. 



The discussion was acf/oumed, and at the close of the meeting 
a vote of thanks was passed to the Mayor of Wiganfor allowing 
the use of the Cotmdl Chamber. 
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MANCHESTER GEOLOGICAL SOCIETY. 

Pabt Y. Yol. XYII. Sessiojt 1882-83. 

At the Ordinary Meeting of the Members of the 
Society, held on Tuesday, the 6th day of February, 1883, 
in the Literary and Philosophical Society's Booms, George 
Street, Manchester ; 

John Aitken, Esq., J.P., President, 

in the Chair. 



THE PERMIAN ROOKS, SOUTH OF MANCHESTER. 



Professor Boyd Dawkins called attention to Mr. Brock- 
bank's letter in the Manchester Guardian of to-day (6th 
February) annoimcing the discovery of Permian strata in 
Slade Lane. The strata in question in Slade Lane belong, 
&8 Professor Dawkins pointed out to this Society on December 
5th, 1882, (see Transactions, Part III.,) to the upper 
coal measures, with the apirorbis limestone, whicb has 
long been worked at Ardwick, and not to the Permian 
formation. The Permian rocks, however, have been proved 
to exist, as was then pointed out, in Mauldeth Road, With- 
iiigton, and were first discovered by Mr. Arthur Dendy as 
far back as the 23rd of September, 1882. 
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NOTES ON SAFETY LAMPS. 
By Mr. Joseph Dickinson, P.G.S. 



In bringing Mr. Green's paper before you I wish to say 
a few words in order to make it plain to all as to what the 
improvements consist of, and the need of such improvements. 

The first safety lamp is, I think, admitted to have been 
invented by Dr. Clanny ; but it depended upon the supply 
of air having either to be carried with it or to be conveyed 
in a pipe to it, and not upon the atmosphere of the place in 
which it had to bum. 

The testing for firedamp had then to depend upon thin 
dip candles with small wicks, or a small part separated from 
a larger wick ; and the sparks from flint and steel which 
were sometimes struck by the revolving wheel of what was 
called a steel mill. 

The grand invention of the Davy lamp, and the, perhaps, 
less important invention of the Stephenson, date but from 
1815. 

Lamps still bear the name of all these first three inventors ; 
that of Davy being still almost identically the same as when 
originally produced, the others having now but little resem- 
blance to the originals. 

Mr. John Buddie, the eminent Viewer at WaUsend colliery, 
first introduced the Davy ; and Mr. Nicholas Wood, as a 
young man, was one of the assistants who introduced the 
Stephenson, under the Brandlings. It was my good fortune 
to know both of these gentlemen, and to the former, in 
conjunction with Mr. Sopwith, I was indebted for my start 
in life after my apprenticeship. I have many times talked 
with the Overmen who acted under Mr. Buddie, and have 
had narrated the jealousies which existed respecting the two 
inventions. 
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Both lamps were received at first with distrust, but the 
Davy soon became so popular that, with the sluggish ventila- 
tion and impurity of the mixture then in the mines, it came 
to be almost implicitly trusted, and was in some instances 
used for working with when burning firedamp filled the 
gauze, and with the gauze at dull red heat, requiring relays 
of cold lamps to be brought in to change the hot ones. 

The records show that at times this procedure resulted in 
sad catastrophes. 

Following upon this state of things ventilation began to 
be greatly improved, and is stiU continuing. But with this 
improved ventilation, the mixture, when not su£5.ciently 
diluted, has become more explosive. 

The velocity of the currents have been also increased, so 
that lamps which stood the old requirements will not stand 
the new. 

Many modifications have consequently been made in the 
l^ps, to meet the altered circumstances, and to give better 
light. All of these, however, seem to depend upon the 
original principles of the Davy and Stephenson ; that of 
the Clanny being still one basis on which irrespirable mix- 
tures may be entered. And, with all the drawbacks, the 
Davy is still a great favourite, especially for testing, 

Amongst the modified lamps is the Mueseler. It gives 

much more light than the Davy. It must be kept upright ; 

and the leading principle of it is that it should go out in an 

explosive mixture. Like the Davy, the Mueseler in its turn 

came, in Belgium, to be rather blindly relied upon. The 

dimensions for the lamp published in the Belgian code of 

mining laws, in 1846, were found not to ensure safety, and 

they were altered in the supplement which was published 

in 1852. The changes then made apply chiefly to the size 

of the glass and of the chimney. 
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These sizes, and the construction of the lamp are shown, 
in the accompanying sketch. 

Eyen with the alterations then made it is now being found 
that the lamp is not always reliable, especially when an 
explosive current slants down upon it. 

In the Celynen Colliery, of which Mr. Green is the 
manager, the mine makes gas freely, and as the levels there 
are not driven out to the extremeties before active working 
of the coal is commenced, the gas has to be dealt with in 
large quantities, which drain from numerous and large 
surfaces. Hence the necessity of a lamp on a reliable 
principle, and of a reliable means of testing that each lamp 
is secure. 

During the course of these testings it has been found that 
in certain respects, the principle of the lamp is not secure. 
And it is the two improvements which have been made to 
rectify this that I have now to bring before you. 

I have only to add that it was in August last, when I 
had occasion to visit the colliery, that the improvements and 
method of testing came imder my notice ; and I was so 
impressed with their importance that I asked Mr. Green to 
send an accoimt of them to the Commission on Accidents in 
Mines, and to make them public— one result of which has 
been my obtaining for this Society the following brief but 
practical paper. 
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THE MUESELER SAFETY LAMP AND TESTING APPA- 
RATUS IN USE AT CELYNEN COLLIERY, 

MONMOUTHSHIRE. 



By Mr. James S. Grben. 



(Communicated by Mr. Joseph Dickinson, F.G.S.) 



The Mueseler Lamp was adopted at the Celynen CoUierjr 
in February, 1879. The workmen were unfavourably dis- 
posed with regard to using these lamps at first, but as they 
became aware of their greater safety as compared with the 
Clanny, valued them accordingly. 

The following are the sizes, &c., of lamp as specified to 
the manufacturers : — 

Inches. 

Glass. — Exterior diameter 2*36 

Thickness -21 

Height including Socket 2*44 

Chimney op Thin Iron. 

Interior diam. at top *39 

„ at base of bell mouth 1*18 

Diam. at top of bell mouth '98 

Height above horizontal gauze! o.ka 
or disc j 

Below ditto 1-06 

Bell mouth widening at base. , . • *23 

Distance from base of chimney to top of wick tube '86 
iiiches, 

Each lamp is tested in a box (see Fig. 2) erected over 
hunter in receiving room before it is handed to the work- 
men. Gas and air are turned in (see Fig. 1) at one end of 
^be box ; about half-a-dozen lamps being tested together. 
°ftfety shutters are fixed in roof of receiving house, and a 
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sliding door in wall separating the same from lamp house, 
so that accidents may be prevented when explosions occur. 

It being found that under certain conditions gas continued 
to bum underneath the disc or horizontal gauze after the 
flame on wick discontinued burning (a thin streak of flame 
revolying around at the base of tube), a small projection of 
tin was affixed to the tube at A (see Fig. 4) which effectually 
prevented it. This improvement to the lamp, with the 
addition of a shield about 2in. in depth around bottom of top 
gauze and resting on the top ring over glass (see Fig. 3) 
renders the lamp unexplodable under all probable conditions. 

When sudden outbursts of gas hav^e taken place in this 
mine the safety and reliability of these lamps have been 
proved on two or three occasions. 

Great care should be taken by users of Mueseler lamps 
that the tube should not be too long, or too large at the top, 
and that the horizontal gauze or disc is carefully fixed on 
the tube. 

Persons are undoubtedly wrong who assert that the practice 
of testing safety lamps at Bank in our explosive mixture of 
gas and air is useless and misleading. Damaged lamps have 
inadvertently and purposely been exploded in the Testing 
Apparatus at this colliery. 

Additional Particulars re Testing Apparatus at 

Celynbn Collirry. 

Size of Fan, 1ft. 9in. diameter Sin. outlet. 

No. of revolutions per min. . • 500. 

Diam. of gas pipe , 1| inches. 

„ pipe for air and gas 4^ inches. 

Length of ditto 12ft. 6 in. 

Testing Box (inside measure) : — 

Length, 5ft. Height, 1ft. 2in. Breadth, 6 inches. 
Upcast pipe (wood) 5in. x 7in. 
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ThePRBSiDENT inquired whether the disc described in 
the paper was a part of the original Mueseler invention, or 
an improvement upon it. Also whether the light given by 
the lamp was equal to that of the Davy lamp, or the others 
ordinarily in use in mines. 

Mr. Dickinson : These two additions made by Mr. Green 
make no difference whatever either in the construction of 
the lamp or inthe light it gives. 

Mr. Woodward: One point that Mr. Dickinson has 
brought forward has not occurred to me before — that is, 
that the Mueseler lamp, under certain circumstances, is not 
safe. I thought the Mueseler had always been put forward 
as a perfect lamp. I have, however, myself seen pretty 
mucli what Mr. Dickinson has described — ^that even after 
the flame has gone out in a Mueseler of a certain construction 
there has been a burning of gas below the horizontal gauze. 

Mr. Dickinson : The disc gauze. 

Mr. Woodward: That is the bottom gauze. I would 
like to ask whether, in Mr. Green's improved lamp, the 
gauze is double or single, because in the new lamps — I had 
one brought to me the other day — I see they have put in 
ft doable gauze, slightly separated by a brass ring, which 
they say entirely prevents the gas within the lamp from 
huming after the flame of the lamp is extinguished. 

Mr. George Wild : With respect to the Mueseler lamp, 
^ mention was made by Mr. Dickinson that a slant current of 
^ explosive mixture might produce an accident, the lamp 
being liable to be exploded ; but the shield which has been 
added by Mr. Green will doubtless be a great prevention of 
that. The chimney, however, is too short. As at present 
constructed a slant current can enter the chimney and cause 
tie gas to explode from the light below. This, I think, 
^gbt be prevented by lengthening the chimney, so as to 
exclude any slant current. It would be a great safeguard, 
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proTided it did not materially affSoct the burning. I find i1 
quite possible to explode it readily througb the tube, anj 
thence, with care (by keeping up the flame intermittentl} 
for a short time,) through to the outside of the gauze. 

Mr. J. Williamson, of Hednesf ord, Stafford, said : I an 
here on the invitation of Mr. Dickinson, and have listened tc 
the paper which he has read with much pleasure. I may saj 
that I have had to do with safety lamps for many years, and 
I can remember the Davy and Stephenson lamps in verj 
different forms from those of the present day. Some yean 
ago, seeing the want of a better safety lamp than we had a1 
that time, I made it a matter of study, went closely intc 
it, and made many experiments, as in my himible way ] 
thought it quite possible that something might be done tc 
improve the lamps in common use. Five or six years ago 1 
made a safety lamp — or rather, had one made — which 1 
thought combined some improvements. My idea is that 
lamps should be of simple construction in few parts, and 
more care taken in the manufacture of safety lamps, and. 
at the same time, ought to give a better light than the 
lamps in use ordinarily. One objection I take to the 
Mueseler lamp is that it has only got a single glass 
Anything happening to that glass would be fatal in ar 
explosive mixture. In my lamp, if the Clanny glass 
which is the outer glass, breaks, you still have a lamp as 
safe as the Clanny, or as safe as the Davy lamp. I: 
the inner glass breaks you have simply a Clanny lamp 
I have not seen the lamp that Mr. Dickinson has described 
but I can see that Mr. Green's improvements are verj 
important, and there is no doubt that, by going a little men 
deeply into the thing, a lamp can be made which will bi 
almost as perfect as can be. I think, myself, that thi 
Mueseler is a good lamp, but there has been one grea' 
objection raised to it — ^that is, if the Mueseler lamp happeni 



APPARATUS FOR TESTIN G SAFETY 
Figl./'fa/i. 




Trans Man.. 6W. Soc I^rt K Fpl Xm 

AS USED AT CELYNEN COLLIERY. 



Fig 2. Side View. 



COUNTER 



'CT*^^ F I. 



O R LEVEL 



78 

to get out of the perpendicular it extmguishes and you 
are at once put in the dark. But that, I think, has been 
obviated to some extent. 

Mr. Dickinson : No. 

Mr. Williamson : Well, that is an objection which a 
great many people raise to the lamp. In my mind, the 
Mueseler lamp is a good lamp ; it is a simple lamp, and it is 
a lamp that a good many people like. We all have our 
likes and dislikes. Some of the best lamps we have at the 
present day are objected to by many. I know those who 
will persist in using the Davy lamp and nothing else, 
although that, as we all know, is far from being absolutely 
safe. It has been a good and useful lamp, and I do not 
know what we should have done without it, but I believe 
many explosions have been caused by the faulty construction 
of it and other kinds of lamps. I have seen lamps sent out 
that were not fit to go into any mine. I think every lamp 
maker ought to be made responsible for each safety lamp 
sent out. 

Mr. Dickinson : I do not think I have anything to answer 
except the question put by Mr. Woodward about the double 
disc gauze. Such double gauze is not a part of the original 
invention of the Mueseler, but there is nothing to prevent 
its being added to it, if it does not make the lamp more 
liable to go out than at present. One other observation I 
should like to make in reply to Mr. Williamson. The Davy 
lamp has changed, perhaps, less than any other. The 
original Davy may stiU be seen in the Museum in Jermyn 
Street, London ; and, except that the gauze is rather finer 
than the standard mesh at present, and the lamp somewhat 
smaller, it is identically the same as the Davy lamp now in 
use. 
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ON THE STRATA BETWEEN THE CARBONIFEROTJS 
LIMESTONE AND THE COAL MEASURES IN 
DENBIGHSHIRE AND FLINTSHIRE. 

By Mr. G. H. Morton, F.G.S. 



The Carboniferous Limestone is well deyeloped in Den- 
bighshire and Flintshire. In several papers read before the 
British Association and the Liverpool Geological Society, I 
have shown that it may be divided into subdivisions present- 
ing very distinct lithological characters, and that it varies 
in thickness from 100 to 1,200 feet. The lowest subdivision 
only occurs where the thickness is, or has been, considerable 
before denudation. The highest, the Upper Grey, extends 
over the greatest area, for it overlaps the underlying sub- 
divisions. The successive subdivisions overlap each other 
in consequence of the inequalities of the Silurian rocks 
upon which the Limestone always rests. ITear Llangollen, 
the overlap is so rapid that the thickness of the Limestone 
diminishes from 1,200 feet at Tynant to 300 feet at Fron, 
where the thickness has been still further reduced by 
denudation to 88 feet. The subdivisions adopted in my 
former papers on the Carboniferous Limestone, are the 
Lower Brown Limestone, Lower White Limestone, Upper 
White Limestone, and the Upper Grey Limestone. 

Above the Limestone there is a series of sandstones and 
shales, varying in thickness from 648 feet on Cefn-y-Fedw, 
near Llangollen, to about 370 feet near Prestatyn, and being 
thicker and more fully exposed at the former than any- 
where else, I have named the Cefn-y-Fedw Sandstone. 
The lowest beds of the formation are composed of hard 
white sandstone, containing great numbers jof white quartz 
pebbles, while the highest beds are yellow sandstone, 
shale, and grit. At the east of Cefn-y-Fedw the highest 
subdivision has been named the Aqueduct Grit, for the 
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piers of the Aqueduct on the Biyer Dee are built upon its 
exposed out-crop. Above the Aqueduct Grit the Coal- 
measures succeed, and the base seems always a thick series 
of black shales. At Australia, near Trevor Station, there 
is a large quarry in the Aqueduct Grit, and the Chwarle 
Coal, 1ft. 6in. to 2ft., rests upon it, but another bed called 
the Aqueduct Coal is about 69 feet higher up in the shale, 
-^t Tjrfyn-uchaf, two miles to the north, the Aqueduct Grit 
^^ succeeded by 30 feet of shale and the Aqueduct Coal. 
■^ many other sections the Grit seems to be succeeded by a 
*Wck shale, without any bed of coal. 

^e whole of the subdivisions of both the Carboniferous 
-'^^Xiiestone and Cefn-y-Fedw Sandstone have been examined 
^*^^ a distance of about 40 miles, and they all present a 
^^x^aewhat persistent character excepting the Arenaceous 
^iiDiestone of Cefn-y-Fedw, which gradually becomes the 
I^per Black Limestone of the north of Flintshire. On 
C^£i-y-Fedw the Arenaceous Limestone is a white sandstone 
^Ixich effervesces in acid, but at Holywell and Prestatyn it 
^ Q. dark, thin-bedded earthy limestone, while in the inter- 
^^xiing country it is a series of interstratified beds of sand- 
stone and limestone. The fossils found at the extremities 
^^ the area differ as much as the lithological character. In 
^y paper on the country around Llangollen I described the 
■^^cnaceous Limestone as the base of the Cefn-y-Fedw Sand- 
^^one, but in describing the north of Flintshire I shall be 
^^X]Qpelled to consider it as the top of the Carboniferous 
^ixnestone. Probably the conglomerate at the bottom of 
^e Lower Sandstone is the most convenient base for the 
^fii-y-Fedw Sandstone, though the horizon of a coral reef, 
^th an overlying plant bed, which extends many miles 
Aong the top of the Upper Grey Limestone, from Llangollen 
^ Prestatyn, would be a clear palaeontological line of division, 
^ear Llangollen, however, the coral bed, or what is the top 
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of tlie Carboniferous Limestone there, is 400 feet below the 
top at Mold. However, as both lines are very clearly 
defined, it is of little importance which is adopted, for there 
is no break in conformity between the Carboniferous Lime- 
stone and the Cefn-y-Fedw Sandstone either in Denbigh- 
shire or Flintshire. 

Newbridge, or Acbefair. 

The first section (No. 1) was published by the Geo- 
logical Survey (Vertical Section, No. 24), in which the 
succession of the ''Farewell Bock," as it is named, is 
shown to be a series of sandstones with a conglomerate base, 
interstratified with three thick bands of shale, with an 
entire thickness of 640 feet. It agrees with my own 
sections, especially as it may not have been taken over the 
same groimd as mine. All the sandstone is named 
** Farewell Bock,'' the conglomerate at the base alone 
being otherwise designated. The only correction necessary 
seems to be with regard to a bed of coal shown in the 
Cherty Shale, which I have elsewhere shown to be absent. 
As the whole of the strata in this Vertical Section are not 
exposed about Newbridge, or Acref air, it is probable that 
it is the result of a general examination of the surrounding 
country, for two horizontal sections of the strata about a 
mile to the north have also been published by the Geological 
Survey. 

Deb BiiiDGBi or Pont-y-Cysyllte. 

A Vertical Section at Dee Bridge, or Pont-y-Cysyllte 
(No. 2) shows the strata exposed along the bed of the river 
Dee. Nothing could be clearer than the succession of the 
upper beds of the Cefn-y-Fedw Sandstone, consisting of 
sandstone and shale, with thin beds of limestone, the Dee 
Bridge Sandstone, and another shale, succeeded by the 
Aqueduct Grit. The lowest bed in the 50 feet of Lower 
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Shale and Limestone was said by a miner to contain 
'^mussel shells/' but I was not able to find them, though from 
what I have found in corresponding beds in other places 
should not expect to find Anthracosia, In the overlying 
Dee Bridge Sandstone there is a matted mass of Stigmaria 
and Lepidodendron. The thickness of the Upper Cefn-y- 
Fedw Sandstone exposed is 180 feet, and it is faulted against 
the TVenlock Shale, so that the Lower Cefn-y-Fedw Sand- 
stone does not occur in the section. 

G-ARREG PeNGRUCH AND PeN-Y-Q-AER. 

The Section (No. 3) is the result of observations over 
ground about a mile to the north-west, where the strata are 
well exposed. With exception of an additional band of 
shale, the succession is much the same as in the previous 
sections, which might be expected considering the short 
^stance between them. The strata extend from Australia, 
near Trevor Station, where the Aqueduct Q-rit is quarried, 
^P the hill Garreg Pengruch, near Whalley's Monument, 
where the inferior beds occur. The thickness of the whole 
fr^m the base of the Lower Sandstone and Conglomerate to 
til© top of the Aqueduct Grit is about 680 feet. 

Tynant Ravine and Tyfyn-uchaf. 

The Section (No. 4) is two miles further north, and presents 
the same order of succession. The lower strata occur on 
Ceftx-y-Fedw, where the Cherty Shale crops out, and cen- 
tos numerous Carboniferous Limestone fossils. The 
^Pper strata occur at Tyfyn-uchaf, where the Lower Shale 
with Limestone is also crowded with fossils, and is succeeded 
"7 the Dee Bridge Sandstone, the Upper Shale, and the 
^ueduct Grit. Above the Grit a thick shale comes in with 
the Aqueduct Coal, 30 feet from the base. It is not neces- 
^^7 to describe the subdivisions of these sections more in 
detail, for I have already done so elsewhere, but it is obvious 
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that, taken together, they show clearly the succession and 

thickness of the formation in the country south-west of 

Euabon, which is on the Coal-measures. The total thickness 

is about 648 feet as nearly as can be measured and 

estimated. 

Sweeney. 

Section (No, 5), at Sweeney, a few miles south from 
Oswestry, shows that the Oefn-y-Fedw Sandstone becomes 
almost altogether a sandstone formation in that direction. 
The whole of the strata crop out along an old tramway, and 
several quarries expose the beds more fully. The Arenaceous 
Limestone is not exposed, but the conglomerate base of the 
Lower Sandstone crops up and is well exposed. It is a soft 
red sandstone, with numerous quartz pebbles and the 
overlying strata are red and yellow, very much resembling 
the soft beds of the Trias, as remarked by Sir R. I. 
Murchison, many years ago in his " Silurian System.*' Higher 
in the series there is a hard, white sandstone, and still higher 
two bands of red and pink sandstone, with some thin seams 
of shale, which probably represent the Cherty Shale, though 
of a very different lithological character. Productm semtre- 
ticulatiis, and other species are abundant in the pink sand- 
stone and shale, as first noticed by Mr. D. C. Davies, F.G.S., 
of Oswestry, many years ago. It seems doubtful whether 
the soft white sandstone at the top of the section, called the 
Sweeney Mountain Sandstone, represents the Aqueduct Grit. 
It is faulted against the Coal-measures, and probably repre- 
sents the middle Cefn-y-Fedw Sandstone, all the upper beds 
including the shales and Aqueduct Grit, having been 
denuded. The total thickness of the strata is 430 feet. 

Graianrhyd and Tryddyn. 

During the last summer I frequently visited the country 
to the south of Mold, and completed the section, (!N^o. 6,) 
which eidiibits the Cefn-y-Fedw Sandstone, between Graian- 
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rhyd and Tryddyn-fechan. Nearly the whole of the strata 
between the Limestone and the Coal-measures is exposed 
in this district, so that the section is an important one. 
The Lower Sandstone is very friable, and occurs at the former 
place in the form of sand, but being so soft it is seldom 
exposed on the surface, so that the Cherty Shale, which has 
become much thicker, appears to rest on the Carboniferous 
Limestone. At the top of the Cherty Shale there is a thick 
sandstone, which is succeeded by shales and sandstones, with 
the Aqueduct Qrit and the Coal-measures all well exposed, 
between Graianrhyd and Tryddyn-fechan. I and Mr. A. 
Strahan, F.G.S., found Spirt/era himkata and Streptorht/nchua 
crinistria in the upper beds of the Cherty Shale on the banks 
of the stream, half a mile east of G-raianrhyd, but I have 
not found fossils in the upper beds. There is a cliff exposure 
of the Upper Cefn-y-Fedw Sandstone on the east side of the 
river Terrig, at Tryddyn-fechan, where I was able to 
measure and minutely examine the strata, and the result is 
shown on the section. The thickness of the whole of the 
Cefii-y-Fedw Sandstone is about 449 feet. 

Holywell and Prestatyn. 

At Gwem-y-mynydd, near Mold, the thickness of the 
Lower Sandstone is only 32 feet, and it thins away rapidly to 
the north, so that at Holywell and Prestatyn no trace of it 
remains. The Cherty Shale, however, is well developed, and 
gradually changes from white to a dark brown and black. It 
also assumes the character of a sandstone, and occurs in beds 
from a few inches to a foot in thickness, which have been more 
or less changed into chert, flint, and sometimes in hand speci- 
mens into opal. At Holywell, the term Cherty Sandstone is 
more descriptive of its lithological character, for it presents 
a very slight resemblance to the Cherty Shale of Cefn-y- 
Fedw, though on the same horizon. Between Holywell and 
Prestatyn it is the most important subdivision, and is about 
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250 feet in thickness. It rests on the Upper Black Lime- 
stone with the Gwespye or Upper Cefn-y-Fedw Sandstone 
above it. Sections 7 and 8 show the succession at both 
localities, but the Gwespye Sandstone, which is 120 feet 
thick near Prestatyn, is only about 30 feet at HolyweU 
where the base alone is visible — the higher beds having been 
denuded. 

Both geographical and lithological names of formations 
and their subdivisions become inappropriate when the strata 
alter much at a distance from the typical locality. From 
the sections (1 to 8) it will be seen that the names of all the 
subdivisions at the south cannot be appUed to the strata at 
the north of the country described. Even the term Cefn-y- 
Fedw Sandstone seems inappKcable to the strata, on the 
same horizon, at the north of Flintshire, and probably Flint- 
shire Cherty Sandstone would be the most suitable if it were 
understood that it correlated with the Cefn-y-Fedw Sand- 
stone of Denbighshire. The Carboniferous Limestone, for- 
merly the Mountain Limestone, was originally called the 
Derbyshire Limestone. If we had had from the first 
the Derbyshire Carboniferous Limestone, the Yorkshire 
Carboniferous Limestone, and the Flintshire Carboniferoua 
Limestone, &c., it would not have led to the assumption that 
the Limestone always represents exactly the same period in. 
time. 

The sections I have described tend to prove that the 
Cefn-y-Fedw Sandstone is a well defined series of strata 
between the Flintshire Carboniferous Limestone and the 
Flintshire Coal-measures. It is impossible to ascertain 
whether the beginnings and endings of these latter formations 
correspond with those of similar formations in Derbyshire, 
Yorkshire, and other localities. Professor Green many years 
ago suggested that the Yoredale and Millstone Grit series 
were represented on Cefn-y-Fedw.* Considering that no 
instance of unconformity has been observed between the 
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Lower Carboniferous rocks of North Wales it is possible that 
his opinion may be correct, but it is also possible that the 
Yoredale and Millstone Grit may be represented by the 
lower part of the Flintshire Coal-measures. 

In the recent report of the Devonian and Carboniferous 
Committee, in connection with the InterDational Geological 
Congress, the desirability of giving geographical names to 
isolated formations was very strongly recommended. In 
giving such a name no opinion is given as to the precise age 
of the Cef n-y-Fedw Sandstone. The numerous fossils that 
occur are the same species as in the underlying Carboniferous 
Limestone, viz. : Plants, Corals, Encrinites, Crustacea, 
Brachiopoda, including seven species of Productua, Lamelli- 
hrauchiata. Gasteropoda, and Cephalopoda, including Ortho- 
ceras giganteum, 3ft. llin. in length, which also occurs in the 
Upper Grey Limestone. These were all found near Oswestry 
and on Cefn-y-Fedw, but the number of species has been 
recently increased by the discovery of another locality near 
the top of the Cherty Sandstone at Pentre Halkin, Holywell. 
As the fossils found in the Cefn-y-Fedw Sandstone are all 
common Limestone species that occur in Denbighshire and 
^tshire, it seems possible that the formation is an Arena- 
ceous continuation of the Carboniferous Limestone. The 
inference is, that the marine species lived on until changes 

• 

^ physical conditions produced Coal-measures, but the 
changes were probably very gradual, for the late Mr. E. W. 
Binney, F.R.S., foimd Goniatites^ Bellerophon, Avicuhpecten 
Papyraceous^ and Posidonomya GHbsoni in the lower Coal- 
nieasures at Holywell many years ago. There must, however, 
nave been a Carboniferous Limestone deposited during the 
period of the Flintshire and Lancashire Coal-measures, 
though we do not seem to have recognised it. 

• On the Lower Carl)G]iiferous Rocks of North Wales " Geological 
Magazine,'' Vol. iv., p. 11., 1867. 
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The President said he had not gathered from Mr. 
Morton's paper with what gronp of rocks he correlated 
the beds he had described. It was contended by most 
geologists that they belonged to the Millstone G-rit^ and 
they were described as such, he beKeved, at Bristol and 
other places where they were found to contain a consider- 
able number of fossils in great variety. Mr. Green, on the 
other hand, in writing on the geology of the district, held 
that these beds were of Yoredale age. He (the President) 
visited the district some years ago, and the conclusion at 
which he arrived was that the beds belonged rather to the 
Yoredale series than the Millstone Grit. The palsDontological 
evidences also seemed to bear out that view. 

Mr. Morton, in reply to Professor Dawkins, explained 
more precisely one of the sections exhibited, and with 
reference to the remarks of the President, said that he 
had purposely avoided correlating these beds with formations 
elsewhere, for the simple reason that he thought it waf 
impossible to do it. Professor Green gave it as his opinion 
that the beds represented the Yoredale and Millstone Q-rit : 
but he (Mr. Morton) thought some progress had been made 
in geological matters during the last twenty years, and ie^ 
would now be disposed to correlate beds in that way, for thej 
had no means of coming to any certain conclusion. If thej 
were to take the fossils alone they would refer the rocks tc 
the Carboniferous Limestone : they were all Oarbonif erout 
Limestone fossils. The conclusion arrived at by the Inter- 
national Congress was, that it was not advisable to try to & 
the precise age of such beds. They could not do it unlesi 
they could by some means get a section of the countrj 
between there and Yorkshire. In no other way could the] 
get at it with certainty. 

Professor Boyd Dawkins : I feel much obliged to Mr 
Morton for the explanation he has given me. I was undo: 



83 

the impressioii that the dark-coloured beds on the section 
represented coal seams, and I was desirous to know because 
some years ago I happened to be walking across the fields 
from Cefn in the Vale of Clwyd to Bodlewyddan, when I 
observed a bed of coal about the horizon of the land marked 
"F" on the section. The seam occurs in dips at a high 
angle to the north and about six inches thick in the out- 
crop. It seems to me the occurrence of that bed of coal 
is worthy of record. With regard to the general question of 
the beds between the Mountain Limestone and the Coal 
measures in that district, I certainly think we ought to feel 
very much obliged to Mr. Morton for the trouble he has taken 
in working out a very difficult series. The condition of things 
in that part of the couiitry as compared with Derbyshire and 
the adjacent parts of Lancashire and Yorkshire is simply this. 
The old Silurian region in those times represented the up- 
lands, and during the time when that vast thickness of 
Mountain Limestone was being accimiulated in Derbyshire 
there was a much less thickness of limestone being formed on 
the borders of the ancient Silurian region of Wales. Then, 
while these beds of sandstone — the old sandbanks and so 
on— were being formed along the margin of what were 
then the Carboniferous uplands of the Welsh area there were 
other beds being formed further away. Consequently, as 
Mr. Morton says, it is impossible for us to correlate with 
absolute certainty the relative age of the old shingle beaches 
and sandbanks formed round the margin of that shore with 
the accumulationa of sand and mud that were formed further 
away in the Derbyshire area. As far as the fossils 
go, I feel inclined to believe that the beds in question 
are more properly classified with the Yoredale and Moimtain 
Limestone series. The fossils of the carboniferous limestone 
range up into the Yoredale shale, and the Yoredale shale 
was merely a mud bank which happened to be thrown 
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down in an area in the deeper and clearer waters of wHio! 
there were sufficient coral and moUnsca living to accumidat 
beds of limestone. It is a very important thing, i 
every point of view, for us to be able to understand wha 
these thick beds of sandstone really are. I know a grea 
deal of money has been wasted in hunting for coal in som 
beds of sandstone in that district; and we ought to fee 
much obliged to Mr. Morton for having unravelled th 
geological history presented by these beds. 

Mr. Dickinson : I think, without going into refinementf 
but speaking roughly, these conglomerates may be coi 
related with the Millstone Grit. Those who know th 
northern out-crop of the South Wales coalfield at Dowlait 
will know that the Millstone Grit is there solely represente 
by about thirty yards of plum-pudding stone, and in th 
North of England west of the outcrop of the NewcastI 
Coalfield is represented by two or three beds, first of a gritt 
character, but afterwards so changing that they becom 
fine sandstone. I should, therefore, myself, correlate thei 
with the Millstone Grits. There are few parts of th 
country where there is such a development of Millston 
Grit as there is in Lancashire. It is something unusual. 

The President : When I visited the district it struck m 
that the Kthological character of these rocks was 8 
different from the Millstone Grit, of Lancashire and th 
North of England, that I had a difficulty in classifyin 
them. But when I foimd that they were interbedde 
with black shales which had a purely Toredale aspec' 
containing Carboniferous Limestone fossils, and that the 
occupied the position which the Yoredale beds usuall; 
do, it struck me that they might much better b 
classified with the Yoredale rather than Millstone Gril 
I know that the majority of geologists are in favour o 
their being considered as Millstone Grit, and that they hav 
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generally been described as such. I do not know anyone 
who has classified them as Yoredale beds except Mr. Green 
and myself. Mr. Davies, of Oswestry^ in whose company I 
examined the rocks^ and who is an authority upon that 
group, differed with me upon this point. After hearing 
Mr. Morton's description, I still think that if we are to 
classify them at all the rocks fall in very much better 
with the Yoredale than with the Millstone Grit. Of 
coarse this is merely a matter of opinion, and the next 
person who goes over the ground may come to a different 
conclusion. Mr. Morton, I think, has acted discreetly in 
not committing himself to any classification. 

Mr. Dickinson : Is it quite clear that the upper beds are 
conformable with the Old Bed Sandstone there P 
Mr. MoBTON : Yes, quite conformable. 
The President : Is it not a question whether this is Old 
R.ed Sandstone at all — or Coal measure P 

Mr. Morton : My idea is that the Carboniferous Limestone 

of Flintshire is younger than some other Carboniferous 

Liimestone of Derbyshire for example. In the very lowest beds 

there you have a complete set of Carboniferous fossils. They 

must have migrated from some other area for there 

must have been Carboniferous Limestone before that, and, 

such being the case, the Carboniferous Limestone I refer 

^ would be of the same age as that Old Red Sandstone of 

Dengighshire. I do not think it ought to be called Old Red 

Sandstone. Then, higher in the series, in another locality, you 

We the Old Red Sandstone below some middle beds in the 

Carboniferous Limestone. It only shows the danger of 

<^rrelation at all, when you have little or no data to go upon. 

Of course I had no intention of correlating these beds with 

^y other ; in fact, I happened to be one of the Secretaries 

of the International Geological Congress — that is, of the 

Devonian and Carboniferous Committee — and it was the 

8 
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general conclosion of the members of that C<Hiimittee that it 
would be very dangerous to correlate beds in a district that 
was disconnected with any other, that hi to say, in an 
isolated locality — ^that it was better to give geographical 
names that did not commit an author to any conrehitiQn 
whatever. Accordingly I called the formation deseribed 
the Cefn-y-Fedw Sandstone. I doubt very much, as I said 
before, whether we shall be ever able to correlate it. 
Referring to the observations of Professor Dawkins, I 
believe there is not, in the Yale of Clwyd, any Cefn-y- 
Fedw Sandstone. I thank you for the kind manner in 
which you have received my paper. It embodies an investi- 
gation carried on for many years. I had the pleasure, 
many years ago, of going over the ground with your 
President; and, though I have continued at the subject 
ever since, I am still indisposed to give any other than a 
local name to the strata I have described. 
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NOTES ON FAULT-ROCK. 
By Mr. G. Henry Kinahan, M.R.I.A, 



Fault-Bocks, although they appear so simple when Under- 
stood, yet seem a stumbling block to many enquirers. This 
I have observed in many descriptions of mines and mineral 
veins, but especially in an otherwise very able paper that I 
have just read. The writer of this paper evidently was 
aware that there were two different classes of country 
associated with the mineral veins, one of which he calls 
"the country,*' while the other he calls "the hard country," 
yet he does not appear to be aware why there was a 
difference between them. It may therefore be allowable to 
lay before this Society some remarks on fault-rocks ; which 
hdirerei will more specially refer to those associated with 
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the older rocks^ because in these countries, as far as my 
experience goes, they are not often applicable to faults in 
rocks of Silurian age {Lower Old Red Sandstone^ or Lower 
Devonian), or those belonging to the younger groups. 

Fault lines, as is generally known, may be only slides, 
that is, the rocks on one side of the line slide down along 
those of the other side, without forming a fissure, or the 
opening was so small that only a thin seam of filling stuff 
was required to close it; but along some faults, con- 
spicuous fissures did form, often of considerable dimensions, 
which had to be filled. Some of these, such as those that 
are now mineral veins, seem to have been filled from 
minerals in solution, others were filled by stuff brought in 
from above, or along them, and the rest by a combination of 
both, or by melted matter intruded into themu The second, 
to which I would specially refer, may have been irregularly 
filled, often by brecciated stuff, especially if in hard rocks 
that are inclined to break into shingle ; but the majority of 
these fissures seem to have been more or less regularly filled, 
the filling stuff having a structure allied to bedding, that is 
consisting of plates or layers having more or less uniform 
strikes and dips. If the walls of the fissure are nearly 
parallel this structure has a sort of parallelism to both, but if 
the fissure is of uneven widths the structure usually coincides 
more or less to the foot wall, while it is oblique to the 
hanging wall, as if the fissures had been very gradually 
opened, and each plate or layer having been separately accu* 
mulated. It is, however, quite possible that these suppositions 
may be all erroneous, as the bedlike structure of the fault- 
rocks may be an introduced structure allied to slaty-cleavage ; 
we know that in some unaccountable way grit ribs or layers 
have come into the argillaceous rock apparently along with 
the cleavage as their dips and strikes coincide with its planes. 
In a similar way the grit ribs in fault-rock may possibly 
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We been introduced if the struoture in it is due to cleavage 
and not to deposition. 

To whatever circumstance this structure is due, it is not 
uncommon in fault-rock, and if the fault fissure is wide it 
gives a character to an area of greater or less width, in which 
the rocks may easily be mistaken for the normal country 
rocks. I know a channel of fault-rock from 100 to 200 or 
more fathoms wide, while the Indian geologists speak of 
enormous width in their channels. 

Mr. W. J. Henwood in his able treatise on Mineral Veins, 
tells how vein fissures may form in older ones, and thu£f 
give "veins within veins." This is illustrated in the 
Gflandore Mineral Channel, County Cork. The original 
fissure was filled with conglomerate stuff made up of 
fragments of the country rocks, the second fissure which 
ran very regular, that is, more or less parallel to the 
walls of the first, was filled with iron ore,* and the third 
system (which is very irregular, the fissures sometimes 
ninning with the iron ore, at other times across it or leaving 
it altogether and being in the conglomerate) were filled as 
far as can be seen with Manganese ores. This channel was 
of no great width, but others are much more considerable, 
Buch as those at Ovoca, County Wicklow. In these wide 
channels of fault-rock a newer fissure may form, or two or 
more quite independent fissures, as shown in the accompany- 
ing diagrammatic plan and sections, which although not 
made to scale, represents what has taken place in parts of 
the Ovoca channeL 

Korth and south of the fault-rock channel are the country 

* The lode, when I last vifdted it, had not been proved in depth, while 
there were strong reasons for supposing that the iron ore was only the back, 
or goBsas of a coppery ore ; if such is the case, the fissure was first filled 
with coppery ores, while the iron ores, that were afterwards ruptured by the 

thivd QTBtem, axe the result of decomposition and chemioal changes (methylotic 

metamoxphiim) in the original lode. 
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rocks that strike and dip indepmident of jt. In tljie pluannel, 
independent of its structure is the main Ipde^ supposed to 
fill a fissure second in age, while coinciding with the 
structure of the fault-rock is a third system (yellow copper 
ore lodes). The main lode has been described by all old 
writers on the subject, except Mr. W. W. Smyth, to run "very 
nearly with the country," and the yellow copper ore lodes 
are described as "running and underlying with the country," 
while in point of fact these relations are those that exist 
between the two sets of veins and the structural plans of the 
fault-rock, the normal "country rock" having relations 
quite difierent. 

Even the mineral lodes may be made up of fissures within 
fissures, as suggested by the accompanying plan, which is a 
cross section of upper Cronebane, or the Magpie mine, kindly 
reduced for me, from his plan, by Mr. P. H. Ardfall, Agent 
at the mine a few years ago ; from it wiU be seen that some 
of the accumulations appear to be newer than others, and 
to have filled shrinkage fissures. 

Numerous other places could be mentioned, but enough 
appears to have been given to illustrate the subject ; they 
showing that mineral veins may occasion channels of fissile 
fault-rock, the structure of the latter giving it characters 
very similar and easily mistaken for normal country rock, 
while in reality this structure is quite independent of the 
country. Mistaking this structure for the bedding of the 
country, has led to innumerable errors, both by those 
writing of mines as also those working them. 

In geological surveying, such dykes of fault -rock are often^^ 
very puzzling. On page 319 of the " Geology of Ireland/ "^ 
I give a map of the fault-rock in Eilmacrea Pass, County 
Wicklow. Here the strata, or county rocks^ bears near^'^ 
SW. and NE., while the structure of the fault-rook 
nearly N. and S., it being made up of shales (IdUas), 
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grit ribft, v(}d<Qix \iarm h^fin mistakoi for genuine ^toajti^- 

cation. .^Looth^r cl^ks^ of ii^i^tnvpck to be mentioaed is that 

found between the two walls of the fault, consisting of masses 

of the country rocks^ ruptured and displaced, but i^ot entirely 

broken up. In places in the County Wexford, in faults of 

this class will be found unbroken portions of beds of 

limestone 9,1^ other rocks running continuous for many 

yardfi^ SWie being of such length that they may easily be 

supposed to beloBg to undisturbed strata ; but that they aro 

in wide faulty is proyed by their running transv^ne to the 

strike of the country rocks at both aides of the fault. When 

partially unbroken sti^ occurs in such faults it often 

misleadi^ ei9)ecially in a drift-covered country, where few 

rocks are exposed except in the deep valleys ; because if 

sv^di rocks can only be mapped^ the strata will appear to run 

m quite differ^it direction^ to those in which they really run« 

Such dykes of b^^^n strata of tw occur in West Ghdway, 

where ^ere is every opportunity for studying them, on 

accomxt of the extensive tract of country in which the rocks 

(metamorphosed Cambro-SilpriisMis and Cambrians) are nearly 

continupualy exposed. The study of these fault-rooks is 

lUQiMi in^rtant, >s the struotu^ ijpi similar dykes have led 

^xx^e observers tp beUeye in suppocied uneonformAbilities 

tka,t 4o not in reality exicft. 
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SECTION OF STRATA PASSED THROUGH IN 
ARTESIAN WELL-BORING AT ARDWICK. 

By Mr. R. T. Buenbtt, F.G.S. 



The section wliicli I wish to bring before you is that of 
strata passed through in a well-boring which was executed 
about two years ago by Mr. Charles Chapman, Engineer, 
Salford, at the Brewery of Messrs. Deakln, of Broadie 
Street, Ardwick. The boring was commenced at the bottom 
of a new well thirty-five feet deep which had been excavated 
in the floor of the cellar of the Brewery. The boring was 
carried down to a depth from the surface of 489 feet, the 
section passed through being given herewith. 

It will be seen, that after passing through upwards of 120 
feet of new red sandstone the boring entered the red marls 
of the upper permains, which together with their intercalated 
sandstones were proved to be about 167 feet thick, and that 
at a depth of 299 feieit from surface these marls ceased. 
The boring was continued further to a depth of 186 feet 
through lower permdin sandstones, at the base of which was 
a hard red clay. The hole went nearly seven feet into this 
red clay, and operations were then stopped, an abundant 
supply of water having been obtained. In the hard red 
clay a band of haematite iron ore was met with, overlying 
what is described in the section as '^ red and white clay 
mixed." This would represent the top of the upper coal 
measure. The late Mr. Binney said that '^ at Ardwick the 
permain beds repose on the upper part of the limestone 
series, and that at Patricroft they overlap the whole of the 
* series ' and rest on the haematite still further down in the 



series.*' 



With regard to the hssmatite'. bands, Mr. Hull in his 
memoir of the geology of the county around Bolton-le-Moorsy 
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says '' even the band of hsematite iron ore of Patrioroft, 
Trliic}i at the east side of Manchester reaches the surface 
up^irards of 500 yards beyond the boundary of the permains 
strata, strikes the base of these beds of Patricroft/' Further, 
tliat " it (the hfiematite of Patricrof t) has been identified by 
Mr. E. W. Binney with the band which crops out on the 
l>aiik8 of the Medlock below Beswick Lodge." Now if the 
PatricToft haematite and that cropping out at Beswick be the 
same, may we not assume that this band, which at Ardwick 
'was not reached at a less depth than 489 feet, is also the 
same? If the same, then the fact of it being found at such 
a great depth so near to its outcrop, indicates the presence 
of a great fault. If so, does this fault exist between the 
boundary at Ardwick and the outcrop at Beswick, which 
are comparatively speaking a very short distance apart, or 
will it indicate that a great synclinal trough once existed 
between Patricroft and Beswick, caused by a pre-permian 
upheaval of the coal bearing rocks, which trough subse- 
quently became filled with permian and triassic deposits? 
The deep part of the synclinal being at Ardwick would point 
to a gentle slope existing towards Patricroft, at which place 
the hsDmatite band strikes the base of the permains at an 
angle of 10°, and a sudden curve with a high gradient to 
Beswick, where Mr. Binney said it cropped out. I believe 
that the haematite at this depth indicates the presence of a 
great &ult, but as to what it really may point to I leave it 
to the members to discuss, for which purpose I have brought 
the matter forward. 
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At the Okdinakt Meeting of the Members of the 
Society, held on Tuesday, the 3rd day of April, 1883, 
in the Literary and Philosophical Society's Rooms, George 
Street, Manchester; 

John Aitken, Esq., J.P., President, 
in the Ohair. 



NEW MEMBER. 



Mr. Thomas Shobtbede, Winstanley, near Wigan, was 
duly elected a member of the Society. 



ON RESPIRATORS AND LAMPS FOR PENE- 
TRATING NOXIOUS GASES. 

By Joseph Dickinson, F.G.S. 



My attention having been requested to the subject of a 
respirator and a lamp for penetrating noxious gases in 
'nines, I have put together the following observations, 
wiich I hope may prove useful : — 

De la Bechb and Playfair's Bag. 

Sir Henry De la Beche and Dr. Lyon Playf air, in a report 
^ Viscount Canning, June 1st, 1846, point out, " that after 
^ explosion, a sufficient quantity of oxygen remains to 

10 
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support the respiration of those who survive its effects, w< 
it not for the presence of carbonic acid. This gas, wb 
present in no greater proportion than in one or two ] 
cent., is capable of producing the most injurious effec 
It has therefore been suggested that cheap mixtures me 
of substances capable of absorbing carbonic acid, such 
Glauber salts and lime, woidd prove useful to those who 1 
to aid the sufferers after the explosion. Such a mixtn 
placed in a course bag, and applied to the mouth, woi 
effectually absorb the carbonic acid, and prevent it exei 
sing an injurious effect on respiration." 

Dr. Hutchinson's Bespirator, Lamp, and Means pc 

Reviving Persons. 

Mr. J. Hutchinson, M.D., in his evidence before i 
Lords' Committee in 1849, after speaking of being able 
hold his breath for 2^ minutes after making several d< 
inspirations and expirations, proposed the carrying of 4 
5 cubic feet of air in a bag, which would last a person w 
care half an hour ; and suggested that a mask might 
employed, with the expired air instantly escaping off i 
the atmosphere. Masks, he said, had been used with Ic 
tubes, but we cannot breathe through a tube of 3 or 4 inc 
in length for any time without feeling inconvenience, uj 
the same principle as the partial return of water in the < 
tide is brought back by the flowing tide ; so, if we emp 
a tube of any length, we are always inhaling a part of 
previously expelled air, therefore the point is to expel 
clear out into the atmosphere as soon as possible. Anot 
objection to certain improvements is, that sometimes ti 
make a mask, through which you must inspire by 
mouth, and expire by the nose. Now, all plans for a mi 
in time of danger must be such as requires no attentior 
his respiration : that he cannot breathe wrongly. He 
quite enough to do to take care of himself in other we 
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that he may breathe willi either nose or mouth. A mask is 
ixsed in the drains in Paris, connected to a large bag as a 
z^eseryoir, a kind of arrangement of this order (showing a 
diagram of the same, Diagram No. 1, Fig. 1), a bag 
oontaining so many cubic feet of air, carried in a basket 
^w^lxich keeps it in its place. I propose (he says) a mask like 
Fig. 2, strapped on to the head ; a mask is better than a 
skull cap, because the ears are exposed, and hearing is an 
ixEiportant sense in time of danger, and the head is kept 
<K3oler by a mask ; this is to be connected with a bag, as in 
Fig. 1, which bag may also be connected with a lamp. 
Fig. 3 is a section, showing the arrangement of the valves 
ior directing away the expired air immediately into the 
ambient atmosphere; if this is not attended to, I have foimd 
iihe pulse raised, or heart's action, to 160 beats instead of 80 
beats per minute ; but even a bladder of pure air, containing 
300 or 600 cubic inches of fresh air, or perhaps 1,000 (which 
would be only a small bladder), in his hand, this supply 
would serve a man a long time. I press another point (he 
Sftys), namely, that he should not be dependent upon any 
tube for his air, communicating with " out-by," or at a 
distance, for such as a tube ^'following" him, may be 
crushed by a stone falling, and he or others in confusion 
^y walk upon it, which would be death to the miner in 
question; in fact, anything depending upon people at a 
Stance is uncertain, and therefore bad ; he should have it 
^ with him, only depending upon himself ; and I am sure 
that a bag containing fresh air would be a means of saving 
'"'^y lives after an explosion, from the cases which I have 
^n ; I speak of it because I have seen it. The air-bags 
should be filled at " bank " with bellows, and not with any 
oiled or greased " syringe." " It is the quality, not the 
^ntity^ of the air upon which we chiefly depend." 
'When a man is brought out of an impure atmosphere, in 
ft state of insensibility, the best treatment is for any one to 
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put his finger down his throat, and try if he can make him 

Yomit ; I would urge this. Inflation or insufflation of the 

lungs has been spoken of, by apparatuses like pumps or 

bellows ; but they are generally dangerous." " When we 

empLDy bellows or pumps to inflate the lungs, we use an 

extreme or unknown force ; we have to expand the lungs 

against the pressure of the ribs ; the consequence is, that we 

rupture the lungs ; we cannot introduce, for physiological 

purposes, the flnest injection into the lungs without rupturing 

them ; I have found that a very little quantity of air produces 

a rupture ; therefore bellows and pumps for resuscitation 

are unsafe instruments in anyone's hands. Oxygen gas is 

also mentioned for resuscitation; I would say that we do 

not know much of the operation of the oxygen on our system. 

The only gas which we can breathe with impunity is the 

atmospheric air, and if we breathe pure oxygen, I am afraid 

we would do more harm than good." The Doctor then 

quotes a case of a boy brought out of a canal, " when a man 

said, ' I will restore him,' and he put his mouth to his 

nostril and inspired all the air out of his chest ; consequently 

the atmospheric air rushed in by the elasticity of surrounding 

parts, and thus fresh air was drawn into the lungs. Here 

there was no danger, because this was a natural agent 

drawing in the air. The expansion of the ribs acts precisely 

the same as the expansion of the bellows. The lungs are 

filled by an external act, by the expansion of the walls of 

the chest; the bellows are filled up the same way, and 

the boy recovered." "When a man is brought out of 

a mine in that state, I would first take him into the 

fresh air ; take him out of the way of other people. K 

you can make him vomit, by means of your finger or an 

emetic, say a teaspoonful of mustard and water, do so ; if he 

is past that, pressure on the abdomen. Alternate pressure 

and relief will tend to remove the bottom of the lungs, 

without any danger, and thus draw air into the chest." 
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Anothek Means for Reviving. 

Here the writer of this paper may interpolate what has 
long been impressed upon him as a good way of resuscitating 
a person until medical aid arrives, namely, to place the per- 
son on his stomach, taking care that there is fresh air for 
the mouth and nose, and to move him from side to side at 
snch intervals as a person breathes, and thus to induce in- 
spiration and respiration. 

^. T. Y. Hall's Respirator, Safety Chambers, and 

Lamp. 

Mr. T. Y. Hall, in a paper before the North of England 
Institute of Mining Engineers, in 1853, described his pro- 
posal for penetrating dangerous gases. It consisted of safety 
pipes of any solid material laid down permanently in the 
floor of the main galleries of the mine, in the direction taken 
^J the air, from the top of the downcast shaft into the 
workings, and back through the " return " to the " upcast." 
There being either two pipes laid parallel to each other 
throughout the whole course, with a junction at a certain 
point, or a single continuous pipe, to be used for the fresh 
*ir and the return. 

The circulation of air through these pipes to be constantly 
^'^tained by ventilating power ; and at intervals of between 
^ and 50 yards, boxes or joints to be provided for the 
P^urpose of stopping or trapping the air, so as to guide it 
through portable tubes into an air-tight dress, or into safety 
chambers where the workmen may take refuge, or into other 
*rfety pipes traversing the boards or galleries. 

At each junction of the main pipes, provision to be made 
^or admitting air into a glass case for the purpose of con- 
"^^g a stationary safety lamp, to be kept constantly 
%hted if necessary. 

A sufficient number of air-tight dresses and flexible tubes 
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to be kept constantly in readiness ; and the workmen to be 
frequently practised in the use of the apparatus, so as to 
bieoome competent to apply it when necessary, with as little 
delay as possible. 

Mr. Hall was a colliery yiewer at Newcastle-on-Tyne, 
and so confident was he of the feasibleness of his method 
that he said the Government ought to make the construction 
of it imperative upon all colliery owners on the opening out 
of every mine. 

His paper is accompanied with diagrams showing the 
arrangement of the pipes in the mine, and the air-tight 
dresses, flexible pipes from the fixed pipes, portable safety 
lamp, 8fc. And it seems to have been submitted, in com- 
petition for a prize of 2,000 francs, for a good, simple, and 
safe mode of effecting the objects in view. 

The Denayrouze System. 

The Denayrouze's system of exploring in the presence of 
dangerous gases is described by Mr. Applegarth in the 
Transactions of the North of England Institute of Mining 
Engineers, Vol. 26, 1874, as being in some respects similar 
to that invented by Mr. T. T. Hall. It is constructed in 
three ways, to meet three classes of emergencies. 

1. To enable a man to enter a room or space that is not 
far from pure air : this consists simply of an india-rubber 
tube, some 50 feet long, attached to a mouth-piece fixed to 
the mouth of the operator, the other end remaining in the 
pure air, the eyes being protected by glasses affixed to a 
mask partly covering the face, padded with inflated rubber, 
so as to adjust itself to all the inequalities of the face and 
remain perfectly air-tight round the eyes, and at the same 
time clip the nose. The air, after having passed through 
the lungs of the operator, is forced out through a valve 
which prevents foul air flnding its way to the mouth after 
the expiration is effected. 
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2. When the distance from the fresh air is too great to 
enable the operator to draw the air through the tube by his 
lungs, a pump is added which forces the air to him. This 
necessitates the use of an apparatus which the operator 
carries on his back, and which is very ingeniously constructed, 
80 as to regulate the pressure at which the air is supplied to 
the lungs. 

3. When the operator has to explore mines at great 
distances from the pit mouth, and when continuous work 
has to be done where it is impossible to get a pump applied, 
bighly compressed air is taken down the pit in portable steel 
reservoirs, and supplied to the regulating apparatus, 
whicH forms the distinguishing feature of the second mode 
described. 

It being impossible to describe those portions of the 
apparatus (such as the regulator, the pump, and the reser- 
voirs) which constitute its chief merit without being able to 
give detailed drawings, it has been considered desirable to 
delay any further notice till such perfect drawings can be 

obtained. 

The Flbuss System. 

The Meuss Exploring Respirator was, on the 6th January, 
1882, brought before the Manchester Geological Society, at 
m ordinary meeting. Mr. Martin, as appears in the Trans- 
actions (Part xii, Vol. xvi.), said " he had been requested 
^ lead some notes with regard to it. It had been of good 
^) and did some very good work at Seaham Colliery after 
^e explosion there. The apparatus is patented by Messrs. 
^orster and Fleuss, and consists of an arrangement by which 
^Q air is filtered, and after being purified with pure oxygen 
^ taken into the lungs. A flexible mask covers the face, 
^d tabes are provided for inhaling and exhaling the air. 
-I^e lamps are self-contained and portable. They give a 
brilliant light for four hours, either in water, or in the most 
^^^flsmmable gas^ without any ohance of extinction or of 
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explosion. The apparatus had been successfully used * 
Burton-on-Trent, as well as in the Seaham Colliery. In tl 
latter colliery the apparatus and lamp enabled the m^ 
employed to penetrate a considerable distance in advance— £- 
one instance upwards of 300 yards — to examine the state (P 
the roads^ which were filled with gas. The men were frer 
quently enabled to continue at work, in putting up the bratticer 
when it would have been totally impossible to do so if the 
ordinary safety lamp had been used. Usually the gas was 
taken from London^ compressed in wrought iron bottles, 
but at Seaham there was so large a quantity required that it 
was made on the premises. The apparatus, i|i addition to 
being of use in mines, would be available in cases of fire on 
board ship, and for examining ship bunkers." 

A fuller description, given by the inventors, may also be 
added : — 

^' The principle of the apparatus is that the wearei 
breathes his own breath over and over again — ^the carbonic 
acid being absorbed from it at each expiration, and the 
requisite amount of oxygen restored, the revivified breath is 
fit to be again inhaled in the form of pure air.** 

" The apparatus, which is carried upon the back of the 
diver or explorer, consists of a strong sheet copper cylinder, 
12 inches by 6^ inches, with domed ends, and capable of 
holding four cubic feet of oxygen gas at a pressure of 16 
atmospheres. Above the cylinder, and attached to the side 
of it, is a square metal box, 12 by 12 by 4 inches, to contais 
the carbonic acid filter, which is a box of vulcanite, divided 
into four compartments, and vrith a wooden lid made air- 
tight by an india-rubber washer, and having an inlet and 
an outlet tube ; this box is filled with a packing of ordinary 
tow, interspersed with two pounds of stick caustic soda ; the 
exhaled breath passes twice up and down through the inter- 
stices of the tow, by which it is finely divided and thoroughlji 
freed of carbonic acid by the caustic sodai the excess o^ 
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moisture collecting under a perforated false bottom arranged 
for the purpose." 

''A flat bag of vulcanized india-rubber is fastened to the 

apparatus, and is connected by an india-rubber pipe over 

the shoulder to the outlet pipe of the filter ; the bag is also 

in communication with the oxygen chamber, and the supply 

of oxygen to the bag can be regulated by a jamb screw valve 

Jinder the control of the wearer." 

''An india-rubber mask is made to fit air-tight to the 
fa.ce, and is held in place by straps buckled up at the back 
of the head ; the mask is fitted with a pair of flexible valved 
pipes, the one for exhaling being in commimication with the 
^ixLet pipe of the filter, and the other for inhaling in commu- 
i^csation with the air bag." 

''The exhaled breath having passed through the filter 
^^O^tiers the bag in a purified state, and there meeting 
^^^thits complement of oxygen is fit to be again inhaled, 
e bag being perfectly flexible readily expands or contracts 
the breath piasses in or out of it, so that no efiEbrt is 
^^Kjuired in respiration." 

Hn practice, it seems that this mask has been found painful, 
^"^^g to the pressure of the bands upon the head, and that 
^^najrrouze's is preferred. 

''Foster and Fleuss's Patent Safety Mining Lamp is a 

^^Xodification of the lime light, methylated spirits of wine 

^^^ing used instead of hydrogen gas, and consists of a strong 

^^^pper> sphere, seven inches diameter, and capable of being 

^Karged with oxygen at a pressure of from 16 to 20 

^tanospheres. To the top of the sphere is attached a small 

spirit lamp, with two wicks, between which, through a small 

let, a minute stream of oxygen, regulated by an adjusting 

'^ve on the sphere, is allowed to pass, carrying the flame 

Against a cylinder of lime held on a stud placed to receive it." 

'^The light is covered in by a double dome-shaped metal 

<^&8uig, having an annidar space left between its inner and 
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outer sur&oes, whicli is filled with water ; discs of plain 
glass are inserted opposite each other in the inner and outer 
casings^ and a small outlet valve is fixed in the inner case, 
near its lower part, for the escape of the products of combus- 
tion, from the inside of the casing into the annular space 
filled with water between the two cases, through which the 
gases bubble and escape through another outlet valve fixed 
on the top of the outer case. The cover is attached to the 
lower part by means of a screw, an air»tight joint being 
made by a leather washer seating." 

The inventors state that the apparatus "will supply 
breathable air for four hours at a time"; and that the lamp 
''will bum for four hours equally well imder water, in 
carbonic acid, or in firedamp, and that it cannot get hotter 
than boiling water." 

The Secretary of State has had his attention drawn to the 
Fleuss invention, and is anxious that the inspectors of mines 
should make it well known, and that the various colliery 
districts should participate in its advantages ; and, as was 
proposed by Mr. T. T. Hall with respect to his system, it is 
suggested that stations shoidd be organised in miningdistricts, 
where the apparatus should be stored in sufficient numbers, 
and maintained in readiness for inmiediate use, and where 
the instruction of men from the surrounding coal mines in 
its use should be systematically carried out, in order that a 
rescuing party coidd thus be speedily on the spot after the 
occurrence of an accident. 

The Diving Dress. 

The ordinary diving dress, with divers from Liverpool, 
is occasionally used in this district, when pump valves have 
ceased to act, and access to them has been cut off by the 
rising water. This appliance, with the trained men, is 
usually successful for water, but it does not appear to have 
been much used for gases. 
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OtW similar inventions might also be quoted^ but these 
will suffice for the present. 

Conclusion. 

Those who have assisted in penetrating a mine after a 

great ^plosion^ when the blast has scattered the means for 

T^tilation^ and access is only to be had amongsi the debris 

and inespirable gases, know what has to be encountered on 

such occasions. Rubbish has to be cleared through and 

bratticing hastily put up, by which a way is opened and 

fresh air carried forward. As this progresses, should the 

mine prove to be on fire, there is the often uncontrollable 

risk of gas, too pure to fire, being brought to an explosive 

mixture, and a repetition of the explosion ensuing. Even 

if the mine prove not to be on fire, there is the delay of 

clearing out the accumulations of afterdamp and other gas. 

-^s opening after opening is reached, there is the heart-break- 

^g delay in advancing to the next, lest fellow-creatures may 

"® living beyond to whom every moment may be vital. At 

^ch times the writer has always held that, although attended 

^^th some risk, side accumulations of gas may be passed by, 

^^d an air-current followed. But what would one not give 

^^ such a time for a respirator and a lamp by means of which 

^e noxious gases could be safely penetrated, and more 

^t^edy means than bratticing air from opening to opening 

^^len for the rescue. 

Such inventions, as has been shown, have long been made 

lown, through the medium of the inventors, the public 

^>4nts, and otherwise, but they have not come into common 

^^^e. Thirty-one years ago, the writer formed one of a 

^^rty in re-opening a colliery, after an explosion and fire, 

^"lien hand bags of Glauber salts and lime were used for 

^^^^eatihing through, but they do not appear to have been 

'UiTich used since. Denayrouze's apparatus was brought to a 

^^ous ease of fire^ surrounded with fire-damp, in a colliery, 
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in North Wales, but neither the inventor^s agent nor 
one would trust it to descend the shaft amidst irrespin^^ 
gas, and the old fashioned means had to be used. So:s=:BQe 
better results hare attended the Fleuss apparatus. But wrm-^^h 
it organization is requisite. Oxygen gas has to be provicL^^^, 
and men instructed in the use of the apparatus are requisx'^C^e. 
The diving dress is acknowledged and practised, now B^:mKmd 
then, as stated, in pumping pits ; and it was put on 111 li ■ m 
upwards of 200 persons were shut up in the Hartley coUieTvy 
by the breakage of the pumping engine beam, and has bct^nn 
proposed for other occasions^ but without much useful effid^zst, 
except for water. 

The recommendations of the various systems is, ther*^- 
fore, now commended to the earnest consideration whi^^h 
this Society always gives to important mining subjects ; azDid 
to the earnest consideration of the other coUiery owners «f 
this district who are not members of this Society. 



The President said he believed it was intended, at a 
subsequent meeting, to exhibit the Fleuss apparatus, whi^^l^ 
Mr. Dickinson had described ; and until then he thoug*^* 
they might advantageously defer the discussion. 



ON THE MUESELEE SAFETY LAMP AND TESTlN^^* 
APPARATUS AT CELTNEN COLLIERY. 

Paper communicated at the February Meeting by Mr. Dickixtf*'*^* 
Part v., Vol. XVn. 

Discussion. 

Mr. Teale said that the method of testing safety Isax^^ 
had occupied his attention for many years. No one desir^'^ 
more than himself to see an effective system invented, f^^ 
the reason that it would go a long way towards saving li^* 
in collieries. They were indebted to Mr. Dickinson f^^ 
much information with regard to testing apparata. OtM-^ 
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ry interesting apparatas for testing lamps^ and by which 
lefective lamp was occasionally detected^ consisted simply 

a circle of metal tubing, perforated. In the South 
^rkflhire district it engaged so much attention that a 
ninittee was formed for the purpose of inquiring as to its 
s^antages. A number of lamps which were brought down 
re put to the test thoroughly. Unfortunately for the 
angement, whilst in some cases they could discover a 
'ect in a lamp — (and all those tried were known to be 
ective) — in others the test would be applied a score of 
les before the defect showed itself. Mr. Green's test was a 
iple arrangement, and one that had been known for a num- 

of years. In testing lamps, however, there was such a 
iety of results produced from the same lamps, and also from 

same tests, that there was no certainty, when you tested 
imp in a defective condition, that the lamp will show itself 
be defective. With regard to this particular apparatus, 
had had a good deal of conversation with Mr. Green, and 
y differed very considerably as to its advantages. For his 
a part he (Mr. Teale) considered it would be a great disad- 
itage to adopt any such system, because the men in charge 
the lamps would look upon it as a means of removing all 
ponsibility from themselves. If a lamp passed the test, 
would be handed to the miner, though it might be 
iitively unsafe, and the man would take it down the pit in 
it condition. As a proof of this, he might mention that 
the Celynen Colliery he took a couple of lamps and 
naged them seriously, and then handed them to the lamp 
n in charge, to be subjected to the test. Both lamps were 
b into the box together, and both went out. They were 
put in separately, and in all cases the effect was merely 
extinguish the light without exposing the defect in the 
ap. His contention was that this was a case in which the 
aps would probably have passed the inspection of the 
Qp man, and they might have been taken into the pity 
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andy in certain oiroumstanoeSy have caused an explosion. He 
did not think it sufficient, as had been contended in thif 
Society and elsewhere, to say that at all events it was sonu 
satisfaction to a collier to know that his lamp had been tested 
The testing apparatus had, to his mind, one or two seriouf 
defects: he referred more particularly to the range oi 
velocity of , the air current. This was produced by the 
turning of a fan. They all knew that a difference in the 
quantity of air, mixed with a certain proportion of gas, 
produced different results. Then there was no means oi 
fairly testing the lamps simultaneously, owing to the presence 
in the chamber of carbonic acid gas. It was absolutelj 
necessary, at each test, that the box should be cleared oi 
carbonic acid gas, or they would, under apparently the same 
circumstances, get very different results. For that reason 
he held the arrangement to be crude and imsatisfactory. It 
would show certain defects with a safety lamp, but was bj 
no means a test, in the proper acceptation of the term. 
With regard to the exact proportions of the lamp, he also 
differed from Mr. Green. In the Belgian experiments witt 
the Mueseler lamp it was said that a too great lowering oi 
the chimney on the flame was injurious. They certainly 
adopted an arrangement of lamp different to what wae 
expressed in that respect. He had found that the lowering 
of the chimney below the horizontal gauze was a very greai 
defect, and for this reason : the glass might be termed a 
combustion chamber, and the action which took place aftei 
an explosion in a lamp was this : the flame was forced, bj 
the production of carbonic acid gas, from the wick; it 
rapidly fiUed that combustion chamber, and, as soon as ii 
had risen to the top of the glass, underneath the horizontal 
gauze, the light was extinguished. The fluctuation of lighlr 
which continued in the form of a small bead of blue flam» 
would ultimately, if maintained, produce a temperature 
sufficient to overcome the influence of the horizontal gauz9 
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And tliis would be carried into the upper part of the lamp. 

^^lien that occurred it was, in his opinion, far more 

dangerous than the Davy lamp. Therefore, in his opinion, 

^« chimney ought not to be brought lower than to 

^Uow the necessary flange to attach the horizontal gauze. 

-CTie method adopted by Mr. Green of putting in a fly, or 

s'fcop (there might be one or more), was likely to be 

^'^"fcended with advantage, especially if more than one 

^^^^re used. He also thought, with regard to the shield, 

l^lxGt this was, to some extent, also an advantage, for the 

r^^Qson that it did not affect the combustion of the gas 

l>^low the horizontal gauze by direct action upon it ; at 

^e same time, the more that the shield was carried up, the- 

Kxore it interfered with the ventilation of the lamp. Thi» 

^'^'xtmgement would not prevent an explosion in the Mueseler 

uxxder what was known as an eddying or whirling current — 

tlxat was when the air and gas travelled down one side and up 

tHe other — ^because, if the combustion chamber could only be 

<^leared of carbonic aoid gas sufficiently to maintain oombus- 

^^n, there must come a time when the temperature would 

^ raised to a point sufficient to cause an explosion. In the 

^^Beossion at the former meeting, Mr. Woodward spoke of 

^lie double gauze, and asked whether that would prevent the 

Movement of the small bead of flame after the lamp had 

S^^e out. Certainly it would not. It was no advantage at 

^U« The double gauze, in many respects, was a disadvantage. 

3q endorsed Mr. Wild's remark about the chimney being 

^ short 

Hr. PuRDY (Notts) (through the Honorary Secretary), said 

^^t he considered Mr. Green's addition of a shield, 2-in. in 

^^pth, around the lamp, closely approaches the principle with 

^luch he (Mr. Purdy) considered perfection may be arrived at. 

*^ the discussion after the paper was read Mr. Woodward 

^erred to a double gauze, slightly separated by a brass 

^g) for the purpose of preventing gas burning within the 
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lamp after the flame of the wiok is extinguished. From his 
experience with the Mueseler lamp, he should say that the 
double gauze would limit the passage of air too much, and 
consequently diminish the power of the light. With regard 
to the gas burning in the lamp under the gauze after it 
leaves the wick, this would very much depend on the power 
of the air current impinging against the lamp. He agreed 
with Mr. Williamson that the Davy, although it is far from 
being absolutely safe, has been a good and useful lamp, and 
that many explosions are due more to the faulty construc- 
tion — through the use of bad material, inefficient labour, 
and a desire to place a cheap article in the market — than to 
the principle of the lamp itself. The flimsy construction 
of lamps is a matter of such immense importance that it 
should have the attention of our legislators. There is, in 
this country, no standard of any kind except for the gauze, 
and even that is not always attended to. 

Mr. James Ashwoeth (through the Hon. Secretary), 
said, on page 70 Mr. Green says that his improvements 
to the lamp render it unexplodable under all probable 
conditions, but unfortunately he does not go on to state 
what tests the lamp has been submitted to. Mr. G-reen's 
lamp in the shield improvement closely resembles the 
Mueseler Thonard tested by the Belgian Commission, 
which proved imexplodable in 14 experiments made in 
velocities ranging from 6*560 to 13*12 feet, but out of 64 
experiments in a velocity of 19*68 feet, three explosions, 
and three cases of simple passage of the flame into 
the gauze cylinder occurred. The commissioners further 
remarked that "the Mueseler lamp furnishes a much 
" greater number of cases of complete extinctions than the 
" Thonard lamp, but in the latter the combustion of the gas 
" under the wire gauze is most active. In fact, out of 64 
" experiments at a velocity of 19*680 feet, the latter lamp 
" was only 8 (eight) times completely extinguished." 
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Mr. Qreen's projeotion under the horizontal gauze might 
of course cause complete extinctions in the Thonard as in 
his own testa, hut the whirling motion of the ignited gas 
luider the disc gauze must he caused hy the outer shield, 
corresponding with the whirling motion of the flame of a 
Olanny lamp, as I do not remember ever seeing the motion 
luider the disc of an ordinary Mueseler. 

The shield for the disc gauze, described in my paper on 
wi improved Mueseler lamp (See Part xvii., Vol. xvi.), was 
designed to meet the same risks as Mr. Green's, but at the 
time I designed it I was of opinion that the passage of the 
flame through the disc gauze arose from the fact that the 
gauze on the return side of the chimney became an upcast 
to carry off the products of combustion which could not 
escape up the chimney and out at the limited outlet of 10 
iiullimetres, and became heated at this point imtil the 
flame readily passed through into the gauze cylinder. The 
ii^st dangerous point being close to the chimney on the 
^tum side. 

^ith the addition of my shield and chimney pot (See 
Part xvii., Vol. xvi.), I never succeeded in getting an 
^Soition under the disc gauze. 

Mr. Qreen's shield offers no protection to the top of the 
^^liimney. I have, as a suggestion of a practical character, 
forwarded for inspection the top of my new lamp, in which 
the cylindrical gauze, chimney, and horizontal gauze, are 
^xi^pletely protected from the effects of any velocity of 
current. 

Mr. Dickinson said: The communications which have 
l^^en laid before this Society are entitled to our serious con- 
^^^deration. In the first place we have, in Mr. Teale, I would 
^y, by far the largest manufacturer of safety lamps in 
thia part of the country, and his lamps are used in many 
^Uieries in this district. He must certainly have -the 
utnoost anxiety to have his lamps of the most perfect kind, 

11 
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and to have tliein subjected to such tests as will ensure theu 
being considered safe to use. I wish we had had Mr. Qreei 
here himself to have answered Mr. Teale, for from what yoi 
have heard, you may take it that Mr. Teale is one of thos* 
persons who, in Mr. Green's opinion, are undoubtedly wronj 
in their assertion that the practice of testing safety lamp 
at bank in an explosive mixture of gas and air, is useless 
Mr. Green holds exactly the opposite view. His opinion 
moreover, is in accordance with the memorial which wai 
addressed by the working miners of Great Britain, tw( 
years ago, to the Home Secretary, in which they wished ii 
to be made compulsory, that all safety lamps should be sub- 
jected to such a test. Then, as regards Mr. Ashworth' 
lamp, I wish we could have seen it complete. As it is here 
having no glass, there is no means of testing how it wouli 
bum. Mr. Ashworth's opinion is, nevertheless, entitled t* 
very great respect. He took a very important part in th- 
experiments at the Bryn colliery, with Mr. Smethurst, anc 
was one of the authors, along with the last named gentle 
man, of the papers on testing, which were laid before thL 
Society two or three years ago. The result of those experL 
ments is, that Mr. Ashworth has produced the lamp whicl 
he has sent us here to-day ; a lamp which has got a tight 
fitting copper cap, covering the whole of the upper gauzei 
How this lamp will bum I do not know, that would have tc 
be tested ; but Mr. Smethurst has produced a lamp almosf 
identical with this of Mr. Ashworth's, except that, in Mr 
Smethurst' 8, the cap is moveable, it can be lifted on and off 
so that the gauze and top can be seen, and you can teU 
whether there is any deposit of soot or not. The burning 
of this lamp I have tried. On Saturday last I took 
Mr. Smethurst V lamp down a colliery, where it was exposed 
to currents from the highest to the lowest velocity, and the 
burning was not at all interfered with. I carried it aboui 
two miles, and part of the way was an inclination of one ic= 
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four ; I also oarried it over the surface when the wind was 

blowing strong, that day, and then I took it down 

another shaft. The lamp continued to bum welL Thinking 

that the cup was rather too small to hold sufficient oil for a 

long shift, I kept the lamp burning during the day, and 

foimd that it burned twelve and a half hours befdire 

Soing out. It burned brightly the whole of the time. The 

^xxly objection I foimd to it was a trivial and easily remedied 

^xie, viz. : — ^that the wire forming the handle was too thin, 

^s it hurt the hand when carried about for a few hours ; 

^'^^th that exception I could find no fault with the lamp. 

txx carrying this lamp of Mr. Smethurst's, with the cap 

^o^ering the whole of the top gauze, I found that it got 

^5^Qi*cely any warmer than the Clanny lamp, perhaps it was 

^ ehade warmer, but not so much so as to be objectionable. 

^tat when left standing, it got so warm as to be very per- 

<^^|)tible to the touch, and a little unpleasant, but that is the 

^^^^te in which lamps would be when the miner has to use 

^Ix^m, for he is generally stationary, and is not in the full 

^^^ught of the principal galleries. Mr. Smethurst's and 

^*^^. Ashworth^s lamp are each Mueseler's, but whether 

^^Q caps make the lamp quite safe in explosive currents 

■^ have not tried. Then, with respect to Mr. Purdy*s 

^^^^nmunication — ^he is a gentleman who has given great 

^"Miention to the subject, he has written a pamphlet, 

^^d gone carefully into the matter; therefore, I hope 

^-^^ observations made will be considered and criticised only 

^^Hi the object of bringing what is good out of them, and 

^ot in any captious spirit. 

Mr. Mabtin said as to the application of a test leading 

^ lamps being passed unexamined, that kind of argument 

^^d often been used with reference to improvements. He 

^^^ used it himself, and had heard it used, about safety 

^^tches and detaching hooks many years ago, but there 

^as no reason why the supervision need be less careful 



because a test was applied, than it was when there was no 
such test. Of course, if the test superseded the examina- 
tion, it would be objectionable and probably delusive. It 
might as well be said that the use of lamps was to supersede 
ventilation. The one argument would be the same as the 
other. 

Mr. Teale : I think you hardly take in my meaning. 
They are both there, not as a matter of necessity, but as a 
iQcans, imder certain circumstances, of preventing accidents. 
I should be one of the last to say that lamps should not be 
properly examined, and still further, that they should not. 
be tested ; but the tests applied should be effectual. I 
quite certain there is no test at the present time which 
be considered perfectly safe and reliable. The best way « 
to have the lamps so constructed that all parts can 
examined on the surface, or as it passes the deputies downed 
below. In the North of England they have an admirable 
system : each deputy examines for his own district, and hi 



not more lamps to go through than he can properly examine^ 
Mr. Martin : I quite endorse Mr. Teale's view — each fire — 

man, or deputy — ^as he is called in the North of England 

should examine the lamps in his own district. He shoul< 
examine them thoroughly, and be made responsible for th< 
But I fail to see that the examination need be less stringen^^ 
because the lamps are also tested in inflammable gas. 



INTERESTING SECTIONS OF STRATA AT 
READYCON DEAN, SADDLEWORTH. 

By William Watts, F.G.S. 



On the 6th of June, 1882, 1 had the honour of readinB-g 
to the members of the Manchester Geological Society & 
short communication ^^ On a Section of Coal Measures 
Saddleworth." 
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In that oommunication I expressed an opinion that the 
es^posed measures on the upper reaches of Beadycon Dean 
V^alley belonged to the Yoredale series. I still hold that 
opinion^ although Professor Hull has figured them in his 
ixxteresting ^' GFeological Memoirs of the Country around 
Oldham " as millstone grit. 

Since my last communication to the Society on the sub- 
joct referred to^ I have extended my observations, and 
i^egard this communication as supplementary to the one 
^liich I had the privilege of reading on Jime 6th of last year. 
For the Yoredale character of the measures in this valley 
I Tdj as much on the evidence afforded by some of the 
fossils produced as on the character of the deposits in 
S'^eraly although I am aware there is a general blending of 
^Ixe two where the zones meet, or line of demarcation 
^fiFected. 

The lower deposits nearly always crop out on the higher 

E^^uts of our hills, and judging from the large number of 

ibangular millstone grit blocks which I have found buried 

the valley alluvium, and others which remain exposed in 

>€ brook course, I am persuaded that they are the remains 

ancient millstone grit cliffs which have fallen back on the 

^^mands of time and atmospheric agencies. No crags now 

*^*^3nain in the valley to bear witness to this condition, and 

^^lether, on looking up or down the valley, we see imdulating, 

^Oimded slopes, covered with scanty vegetation. Trees 

^■Oere are none, although in the peat and beds of clay which 

^^stle in sheltered places 15 to 20 feet above the brook 

^^^urse, numerous rootiets and stems have been found during 

^"Ur excavations, mainly of birch and hazel. Tree life, 

t^owever, in former time grew more dwarfish and scanty on 

*ke higher reaches than lower down the valleys ; but why 

^ees do not live on the higher zones of our hills at the 

pYesent is a question for the botanist, and not for the 

S^giaty to determine. 
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Whether the climatic conditions are too seTere^ or that 
the soil in which the trees lived has been washed down the 
valley^ are debatable questions. It may be that tree life, 
like some other vegetable forms, exterminate themselves by 
profuse growth and length of time, and thus give way to 
other forms better fitted to the changed conditions. 

I conclude, therefore, that the sections made in the valley 
for the Beadycon Dean embankment are in the Yoredale 
series, whatever may exist on the hill tops underneath the 
thick covering of peat and alluvium. 

About half a mile from the embankment, and 150 feet 
lower in altitude, we have worked a quarry, which shows 
striated rock -faces beautifully. This polishing and 
horizontal striation are caused, in my opinion, by grains of 
sand and other earthy matter having been carried in sus- 
pension of water and impinging on the rock-faces as the 
surface water coursed its subterranean channels to emerge 
again on the surface as spring water. These planes of 
jointage are never wide apart, and are invariably free 
from debris. Such, is the result of my experience, 
which has been mainly confined to the southerly slopes of 
the Pennine range at the sources of the Tame. Where the 
joints are tolerably close, and below the surface of theadjacent 
ravines and brook-courses, they are frequently filled with 
fine impalpable mud, which has been carried from the 
surface ; but, owing to the circuitous routes, which the water 
has been forced to follow, its flow has been checked, and 
matter in suspension has had time to settle, and thus the 
spring has been clear and sparkling on gaining the 
surface. 

It is impossible for water to enter the joints of rock at 
the surface in a turbid state and come out clear without 
leaving matter behind which must find rest somewhere. I 
have seen innumerable joints so fiUed; some quite hard 
and dry and some wet and soft within a few feet of each 
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other. This is what ^e may expect, and what would in 

time occor^ in an artificial filter^ if not periodically cleansed. 

These observations apply to planes of jointage near to 

the surface only, or at least when the member communicates 

with the surface. Shoidd a hard, band of shale intervene 

unbroken on its bed, and through which the surface water 

cannot pass, it is thrown out at the top; consequently 

^e bed of rock beneath frequently presents clean joints 

free of water. If the rock be basin-shaped, having no 

<^penmg into ravines, the conditions here alluded to may 

l>^ modified, and water may or may not be retained in the 

^^>^vices under such circumstances. Water is seldom per- 

^^anently retained in massive rock. It varies, however, in 

QL^^antity, according to the number and size of the joints. 

Serological horizon, and amount of rainfall. Bock per- 

^^^^^nently soaked in water is generally laminated, close 

' ^^iited, fine textured, and large on the bed. It is not 

>"7ourable as a building stone for retaining colour. Such 

the result of my experience of water-soaked rock in the 

*^^ghbourhood of Manchester. 

Although water clears itself of suspended matter in 
t^^ssing through crevices and chinks in rock, owing to its 
^^^Ivent properties it hardens on the way by dissolving rock 
^^^^nstituents, and thus tends to enlarge the joints and 
^^-ciinks traversed, where the flow is excessive. The beds are 
)t attacked, because there is no circulation of water on 
lem; hence movement is necessary to produce friction 
^^^d absorption in the case of water. 

Owing to extensive shale beds covering like a blanket the 
"^^loleof Beadycon Dean Valley, few springs exist in it, 
^^d those are very small, and soon dry up in fine weather. 
Natural agencies in such a place do not assist the water- 
works engineers to empound the rainfall by retaining it 
^ the rocks ; and I hold the opinion that compensation 
^ater given out to satisfy the stream where a system of 
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reservoirs is established for a town supply should not be 
based on the average rainfall, but 'on the amount of water 
which can be retained after loss by floods and percolation. 
Many towns, I know, suffer in this respect. 

The subject is an important one, but it is scarcely a 
subject for this Society to take up. It would lead to the 
consideration of the configuration of a drainage area ; the 
power of rocks to retain water and otherwise* On the face 
of it, it seems anomalous that a corporate body should be 
compeUed to give riparian owners about one-third of the 
average rainfall from a district which will not admit of 
reservoirs being made large enough to control a steep and 
impermeable drainage, and claim the same satisfaction from 
a wide and flat valley, whose upper limits or drainage are 
covered with retentive rocks feeding a large number of 
springs all the year round. It is nearly as bad as a landed 
proprietor putting a money value on aspeot, sunshine, and 
rainfall when his land is wanted for waterworks purposes. 

Having dealt with the general features of the district, 
and incidentally alluded to pluvial agencies to illustrate 
my remarks, I will now pass on to consider the interesting 
sections produced which were exposed on the site of the 
reservoir whilst excavating for the embankment now nearly 
finished. 

Sections numbered 1, 2, and 3 have nothing particularly 
interesting about theiu, but they strikingly illustrate the 
typical kind of material to be seen on the 4opes of high 
moorland. The whole of the sections are 1250 feet above 
the sea level. Section numbered 1 is intended to show the 
covering of peat at the top which is usually found on 
sloping ground in moist situations. The rate of growth is 
not known, although I do not see any great difficulty in 
ascertaining it if typical places could be selected, and 
sufficient time allowed for the observation. In the year 
1868 I discovered a layer of peat 18 incheei in thipknesSi 
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^hichhad been deposited on an old waggon road in the 
Swineshaw Valley, near Stalybridge, which had taken 
about 60 years to deposit. At the top end of the valley 
ft millowner's reservoir had been constructed, and it was on 
^^e of the old waggon roads the discovery was made, which 
^U old inhabitant informed me was built about 60 years 
^gx). This is the nearest authentic record I have of peat 
ST^wth, but it must be admitted that it is approximate only, 
dxid perhaps laid down under the most favourable circum- 
stances. Peat is essentially a vegetable mould, and although 
^SP'eeing in colour, it is imlike the soil of our fields, which 
iiSLs many times passed through the bodies of worms, as 
demonstrated by Darwin. Moles do not burrow in peat, 
dud worms cannot live in it, and this vegetation reigus 
snpreme on the accumulated products of its dead ancestors, 
^ough clumps of wiry grass rise at short distances on the 
s^nampy morass, as if designed to check the raiuf all, leaving 
tli6 surface of the marsh, and thus converting the whole 
^to tiny lakes, surrounded by miniature islands. I never 
^1^88 a peat bog without picturing to myself the formation 
^f ravines determined at the outset by tufts of wiry grass 
dixecting rain water in one direction in preference to 
another. 

In excavating for road macadam for the repair of the 

•N'ew Hey and Huddersfield Turnpike, at Rag Stones, the 

Workmen, on removing a covering of peat varying from two 

^ three feet, came upon a floor of loose millstone grit 

^^bbles, suitable either for fence walls or road ballast. 

Tliese unconformable rocky fragments had all their frac- 

^^Ured edges worn off either by exposure to atmospheric 

Agencies or to the action of the waves during the slow 

'Uprising of the Pennine range out of the sea, or other 

^Tise. They could scarcely be called subangular blocks, as 

^lie edges were not worn enough for this name to be appUed to 

^^Bou Tha interstioeB were free from silty or other matter, 
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and, like all ooarse gritstone underneath peat, they w^^^ 
bleached white ; the acid from the peat haying decompos^^^ 
the small amount of iron in the stone, which gives it 
gi^y tint so common in millstone grit. The layer of stoi 
was about three feet in thickness, which doubtlessly 
fallen into a sunken patch of ground which held water li] 
a basin, barely covering the stones and allowing the peat 
grow as long as it could, Uf e ceasing when the water 
drained away. The peat covering would be the last staj^^ge 
in the phenomena alluded to, and yoimg compared wi^^^th 
the paved flooring. What struck me when I examine 
it was the imusual circumstance of peat being found on 
stones ; hence I record the fact for what it is worth. A 

large fault exists hard by, and it may have had somethir — aig 
to do with the matter. 

The scenery here is wild and picturesque, and attains 
altitude of about 1,300 feet above the sea level. The up] 
limits of the Tame drainage are reached. A circuito' 
brooklet leads you into a narrow but deep ravine, carved 
black shale in the form of the letter Y. In this narr( 
gorge you are secluded from the surroimding moorlair===id 
landscape. You see nothing but the water at yoi 
feet, the sky above, and black barren walls of shale 
each side. In certain places the depth is not less 
30 feet. 

Referring to Section "No. 5 on the diagram, a black 
vein of carbonaceous matter appears broad at the bottoi 
and pointed at the top, and which scarcely pierces ti^^^^ 
stratum in which it is fixed. The section is singular ^'^ 
this account, and whether its structure is owing to a 
slip or small fault I cannot tell. The matrix was very sof ^ 
and enabled me with ease to push my stick several inch^^^ 
into it. The shale on each side of this fault is somewh^^^ 
contorted, and tinged with ferruginous matter. I hai^^^ 
drawn the section to a natural scale, and imitated nature 
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faithfally as I could. Indeed^ the same remark applies to 
^ the other sections. 

Sectaon 4 is a very interesting one. It. represents a dyke 
of clay fed from above and out into the shale beneath. 
Whether it has some connection with Section 5 on the 
opposite side of the yalley, and at about the same angle to 
the brook course^ I cannot say. It is wider at the top than 
&t the bottom^ and goes below the floor of the tramway, 
which is represented by the bottom of the section. The 
clay is sHghtly mottled, with a sprinkling of small stones 
of siixdlar grit to the rock of the district, and a short dis- 
tance beyond the limits of my section small rootlets and tree 
branches were dug out of the same bed of alluvial clay. 
All the pockets of clay reposing on these hill sides represents 
so many small dams, which received the waters of the dis- 
trict at a period before the valley was so wide and deep as 
ftt present, or else it is, as I sometimes think, produced by 
Vegetable organisms decomposed in water. 

Section No. 6 I call the goniatities and crustacean beds. 
These beds are composed of black carbonaceous shales, which 
^ve been considerably disturbed from their normal position, 
sixice deposition and hardening. They are in close proximity 
^ a large fault which throws up inferior measures, of which 
^e black band indicated on the section probably is a mem- 
■^r. The dip of this band is at an angle of 65° or there- 
about. 

At each end of the section, which is 72ft. in length, nearly 
horizontal beds appear, less dark in colour, but equally 
^i^ble on exposure to atmospheric agencies, especially to 
^i^ost and rain. The depth of the section is 7ft., but a few 
f oet of the top had been removed before the discovery was 
^^cuuie that it contained fossils, or that unusual blending of 
^^ods existed beneath. 

Nodules were f oimd in the black upturned bands, as well 
^ in the horizontal layers at each end, in about equal num- 
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bers, but I am not prepared to say in which the differm — 1 
species on the table existed^ as I did not open my speoimei 
on the groimdy but at home at my leisure and after they 
dried. 

All] the nodules foimd are small^ rarely reaching ti 
inehes in diameter. The greatest number is goniatiteSi n( 
indefinite specimens of what I consider to be leaves or othi 
vegetable matter. Two specimens of calamites with spici 
at the nodes were found in a good state of preservationy h 
now have almost disappeared^ owing to my having sent th( 
to friends for inspection. 

The most important "finds/* however, are two specimens of 
crustacean remains, which I have not been able to identify, }^^mxt 
trust to be helped out of my difficulty by members presexnt. 

The largest goniatite on the table is Ooniatite Liater^ip 
which was f oimd near to my section by a friend who M 
always watchful in his quiet walks in these lonely dells £o^ 
objects of interest to the geological student. 

Tolerably large specimens of the orthoceras have h^^^ 
found in the valley, also aviculopectens inside nodules ^^ 
well as in the shales, but not in the material composing rs^y 
section. 

A short distance above the excavations now being cani^^ 
on, bare patches of sloping land furnish flint chippings ^ 
the collector, of the form on the table, and three old hoTB^^ 
shoes have been found in our clay and peat beds; anl ^ 
picked up out of the alluvium this large quartz pebbl^^ 
which is a rare specimen to find so high above the sea lev^ 
on the Pennine range. 

I do not think there is great antiquity belonging to tb^ 
horse shoes. Doubtlessly they belong to a much later dS'^ 
than the Boman occupation, but they are interestil^ 
" finds,*' and deserve recording. 

Section No. 7 is interesting only on accoimt of the changf^' 
able nature of the deposits in so short a distance, togetfa^ 
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with the dip of the beds. It is evident that fierce dieK 
^^ubing agencies have been at work here in remote time to 
^Hi up the strata as we find them. 

The rocks and shales of the district have a decided 
^V)redale aspect, to which series I believe they belong in 
f>^trt, if not wholly. I do not altogether rely on the litho- 
I-o^cal character of the beds for my correlation. The 
dossils produced assist me in that determination, although I 
^^3Q aware that similar species are foimd in the millstone 
g :» * I t8, with the exception of, if I mistake not, the crustacean 
Ci.c:>dule*. 

The President said : I should like to ask Mr. Watts if 

1^^ has given attention to the question of whether these 

ecoaooth and scratched surfaces which he has described may 

i^ot be slickensides P I fail to see that little grains of sand 

Joshed down into the crevice of the rock could have pro- 

^txced them, particidarly as the crevices were (according to 

^^Q description) narrow, and usually filled, sometimes with 

^oft and sometimes with dry material. I am acquainted 

^^ih many places in the Pennine chain — notably in the 

^^^^viger Valley, and near the source of the River 

Q^cbden — ^where beautiful slickensides occur in the mill- 

^l^ne grit rocks. These sometimes present very beautifully 

polished surfaces, and a certain amount of heat seems to 

l^ve been generated by the friction of the rubbing sur- 

^^ces. It is not unlikely, I think, unless Mr. Watts has 

otiher reasons to assign, that the examples alluded to in the 

Pciper partake of this character. The finding of remains 

^f vegetation — ^trunks and branches of trees — ^beneath the 

P^at, at an elevation of 1,300 feet above the sea level, is by 

^o means unusual. They occur on the moors about Bacup, 

^^d on the high lands constituting the watershed, between 

*The Fnrident is not snre the remains axe crustacean, although he 
^^^xmot name them. 
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the East and West, abore Todmorden. They there lie 
the base of the peat — Bometimes large trunks — and < 
could hardly dig into the peat without finding sticks { 
small branches, and also what is most peculiar, the barl 
birch trees, which is preserved, while the wood itself '. 
decayed and disappeared. I have myself described them 
more than one occasion, and the late Mr. Stansfield^ of T 
morden, described their presence at an elevation of 1,300 £ 
The fact, stated by Mr. Watts, of the interstices betw( 
the stones which imderlay the peat beds not being fil 
with any kind of material, is certainly remarkable. 

Mr. Dickinson said he was struck with the accoimt gi^ 
by Mr. Watts of the colouring matter having been taken 
of the stones which underlay the peat. Many times, notic: 
the floors of peat beds, he had seen that almost the enl 
colouring matter had been extracted, as if the peat had 
upon it, and had left it in the form of a white clay, 
thought there must be some impervious stratum interven 
between the clay and the stones which had been referred 
preventing the water from getting down, or the intersti 
would have been filled with peat. 

The President said the circumstance mentioned by ] 
Dickinson was remarkable. He had observed, at Brandwt 
Moor, beds of a white imctuous matter at the base of 
peat. It seemed more like pipe-clay than anything e 
It was a singular fact that, whilst peat itself containec 
great deal of colouring matter, many of the stones iou 
embedded in it should have quite a bleached appearan 
One could scarcely imderstand the rationale of this. Instc 
of the colouring matter being extracted from the stc 
by peat, they would rather have expected a contrs 
effect. 

Mr. Martin said that Mr. Watts had referred to a certi 
bed of peat, 18 inches or 2ft. thick, which, he calculate 
had occupied about 60 years in deposition. He woi 
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like to ask Mr. Watts upon what £iots this oalonlatioii was 

based. 

Mr. Stibrxjp said^ with regard to the existence of peat on 
high moorlands, he thought there was no doubt it was a 
proof that in former times — ^how far back could scarcely be 
determined — ^forests existed there. It had been asserted 
that the Bomans cut down those forests. If that were so 
it must have altered the climate somewhat; and the districts 
thus denuded of wood had not been, and perhaps could not 
now be, replanted. It would be interesting to know if 
attempts had, at any time, been made in that direction, and 
with what result. In France large tracts of country, which 
before were barren, were being planted with trees. 

Mr. Watts said with reference to the President's obser- 
vations, that he was anxious to persuade himself that the 
appearances he observed upon the rock surfaces were the 
result of slickensides. That, however, was impossible. The 
beds were uplifted, though not at a high angle, and the 
markings to which we alluded were horizontal. They were 
certainly remarkable, and he coidd only account for them 
in the way suggested in the paper. With reference to peat 
covering the stone, it might be that some part of the upper 
atones would have silted material in the interstices; but 
certainly the bottom and middle part of the stone flooring 
Were free from any material. It was a remarkable circum- 
stance, and one that surprised him very much, hence his 
fusion to it in the pq)er. As to the bleaching of the stone, 
te thought it was a fact that stone, in proximity to the coal 
Measures, was nearly always more highly bleached than 
stone separated from the coal measures. As to the data 
^pon which he f oimded his estimate of the age of the peat 
^^^cb. He got his information from old residents in the dis- 
trict, but he had no written record of the making of that 
®^^all mill owner's dam. In making their large embank- 
^^ent, the smaller one, which was made, as he was told, 
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sixty years ago was enclosed. That was probably not £ar 
from the mark, because the old people seemed to be pretty 
well agreed as to the time when it was made. The peat was 
along the wagon roads, easily traced ; in fact, in one or two 
places he found an old sleeper, and it might, by the condi- 
tions of growth, in that position, were more favourable than 
the general conditions of peat Ufe. 

The President : Possibly some may have been washed 
down by the rains, from abpye. 

Mr. Watts said it might have been. He quite agreed 
with Mr. Stirrup as to the propriety of planting the high 
moorlands with trees, if suitable species could be found. 
He was of opinion that if corporate bodies, who owned 
drainage areas in the upper reaches of the Pennine Chain, 
and similar districts, would do so, it would be a source of 
profit to them, and he should be glad to see the experiment 
tried. 



fa^. Oeo. S(H>. J>eirh YII. VotJ[\'ir. 
JUustraim Jtf" Wnfts' Pother. 
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O^ving to unavoidable circumstances, and at the suggestion 
of tlie diairman, the discussion on " The Mueseler Safety 
Lainp and Testing Apparatus at Celynen Colliery," was 
postponed to a future meeting. 



It was announced that Messrs. Fleuss, Duff and Company, 

at tlie next meeting, will be prepared to bring down to 

Manchester and show their Breathing Apparatus, duly 

charged and in working order, which will be fully explained 

Mid described by a representative of their firm, to the 

Members of this Society. 



TRANSACTIONS 



OF THB 



MANCHESTER GEOLOGICAL SOCIETY. 



LT IX. YoL. XVII. Session 1882-88. 



Lt the last Ordinary Meeting of the Session, held 

Tuesday, the 6th day of June, 1883, in the Literary 

L Philosophical Society's Booms, George Street, Man- 

»8ter ; 

John Aitkbn, Esq., J.P., President, 

in the Chair. 



HE FLEUSS' BEEATHING APPARATUS AND 

LAMP. 



Mr. Brown, as representing Messrs. Fleuss, Duff, & Co., 

Iiondon, attended for the purpose of exhibiting in work- 

t order, and of explaining, their Breathing Apparatus 

i Lamp for penetrating noxious and inflammable gases, 

used in the re-opening the Seaham Colliery after the 

E)loBion in 1880. (See sketch.) 

13 





Mr. J. 8. Martin read the deecriptiou of Flue 
Apparatus, which formed part of Mr. Dickmson'e paj 
commmiicated to the Society at a previous meeting. ( 
Transaeiima, page 102 of this Vol.) In order to show 
method of working, Mr. Brown invested himself with 
apparatus, and demonstrated the poscdhility of life be 
sustained, by its use, in any poisonous atmosphere, 
answer to questions, Mr. Browk eaid that he wore 
apparatus for thirty-seyen minutes at a trial in America 
a chamber filled with dense smoke. This was a test bd 
the Fire Department of New York, The mask — at i 
uncomfortably tight — got easier as his face warmed, and 
began to perspire. He also said, with a proper and judici 
use of oxygen, life could be sustained in a noxious atn 
phere for four hours, with a man who knows hov to rm 
properly. 

Mr. "Wells then tried the apparatus ; and afterwards, 
reply to the President, stated that he had not felt 
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^htest difficulty in breathing. Of course there was 
no difficulty in speakings with the mask over the 
uthy but he could hear the conversation in the room 
ite distinctly. 

)fr. Martin then read the description given of the 
np — (see page 103) — ^and the Pbesident asked Mr. 
>wn for information as to the cost of the Breathing 
paratus and Lamp separately. 

ilr. Brown said they were making the Breathing 
paratus, with a bottle of oxygen and all needful acces- 
les, for £25 ; and the Lamp for £13 10s. The cost of 
oxygen bottle, fully charged, was £4, — that being 
ivalent to between four and five charges of the Breathing 
paratus; but the bottle could be re-filled, when necessary, 
fc cost of Ids. 

Che Presidibnt : I think Mr. Brown has explained, so far 
le has gone, everything clearly and satisfactorily. Per- 
>s some member would desire further information or to 
iT some remarks, upon the apparatus and lamp as now 
dbited. 

ilr. Dickinson : I think, gentlemen, I had my say in the 
>er read to you at a former meeting ; but if it will open 
the subject for discussion, I shall be glad to say a few 
rds at the present time. In my paper I named the 
acipal respirators that have been before the public since 
t of Dr. Hutchinson in 1849 ; I alluded slightly to their 
Lstruction ; and it would seem, from what I have seen of 
' Fleuss's Apparatus to-day, that the mask is pretty 
ch the same as that used in connection with former 
?aratus. The valves, I see, are somewhat different in the 
BUSS from those in the Denayrouze ; and, as far as I have 
an able to judge, to-day, this valve is better than the 
>nayrouze valve. In fact, the valves in the Denayrouze 
^paratus appear so liable to stick, that at one mine at 





whicli I was present^ in North Wales, where a fire 
broken out and was shut ojflf, and fire-dan^p was issuing fro 
the mouth of the pit, Denayrouze's own agent refused 
enter the pit with it. He would not trust the valves 
fittings, and no other person woidd trust them. The Fluess^ 
Apparatus, however, seem to work satisfactorily. The gr 
difference between this invention and the others, as it occu^:r. 
to me, is that oxygen gas is used here as the means ^^ 
inspiring, and caustic soda is used for absorbing the carbo: 
acid of the breath. I should like to ask Mr. Brown wheth*^ 
any other caustic would answer equally well — say causti 
Ume? 

Mr. Brown : We have not tried that. We have, ho 
ever, used india-rubber sponge, cut into small squares, 
caustic paste, but we found it to be such a dirty pr 
that we gave it up. Caustic soda, in the form of powder^ db 
far cleaner in use, and is in our judgment the best. 

Mr. Dickinson: One other question I would like to aski- 
How much longer will the oxygen sustain animal life 
the same volume of airP Chemists estimate it, witho'^^B-^ 
having the carbonic acid absorbed, at three times tJ3.« 
duration. Do you accept that as correct P 

Mr. Brown : This quantity of oxygen would, no doixl>*i 
last three times as long as the same quantity of common aXT' 
I cannot, however, speak from actual experiment. 

Mr. Dickinson : The No. 3 Denayrou^e instrument ^ 
dependent entirely upon compressed air ; and the air, afto^ 
respiration, is passed into the atmosphere and got rid of. 

Mr. Brown : Do you know the size of the cylinder tb** 
takes that in P You have, I suppose, seen Denayrous^ ^ 
Apparatus P 

Mr. Dickinson : Yes. 

Mr. Brown: It is not an apparatus where tabes sf^ 
used. 
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Mr. Dickinson : There are different kinds. One is where 

^ tube is used; another is where compressed air is used. I 

Sulxould like to know, also, how many hours any person has 

^M3tually used this Fleuss apparatus,— whether anyone has 

l>ar«athed through it for four consecutiye hours P 

Mr. Brown: Not for four hours continuously. But at 
S^^aham the apparatus was used by one individual for two 
Ixours. 

Mr. Dickinson : What is the effect on the system of its 
ooxitinuous use P 

3f r. Brown : Merely to make you warm. I had it on 
XMLyself for thirty-seven minutes, as I have already stated, 
l>'ULt I only felt that I was perspiring. That, however, was 
"W-ith the fire which produced the smoke that I was in. 

3£r. Dickinson : It is understood that if you breathe 
o:x:ygen for any lengthened period, it has an effect of chang- 
ing the character of the blood into that of arterial blood. 

!Mr. Brown : I think it has only a stimulating effect when 

^x*eathed for a limited period. If a man used this apparatus 

^^ntinuously for, say, twenty-four hours, no doubt it would 

*flE©ct hiTTi very seriously ; but for two hours' work it only 

BtiiQulates him. It is exhilarating in its effects. I felt very 

^Uch better at the end of the thirtynseven minutes that I 

^ad it on than I did after the first quarter of an hour. 

I ^as ready to go on for a full hour, but the people got tired 

'Waiting outside, and they thought the thirty-seven minutes 

'^ifficient. 

llr. Dickinson : May I ask if the idea is that the 

^paratus should be used as a means of restoring ventilation 

"ter it has been disarranged, or is it to find access to 

tit-up miners and to bring them out P 

Mr. Brown : The uses to which it should be put will be 

H to the mining people themselves, when they know its 

^abilities. They will know best what uses to apply it to. 
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It has already been tested^ as you know^ in the case 
Seaham, in re-opening a mine after an explosion. We ha 
tested it in smoke, in sulphurous fumes, deadly vapours, &: 
gases of all kinds. 

Mr. Dickinson : What we have seen here must have 
vinced us that if the fittings are all tight, and the val^ 
right, you could enter any atmosphere. 

Mr. Brown : No matter how deadly. 

Mr. Dickinson : But in the event of a person with t] 
apparatus upon his back, after half an hour's 
through irrespirable gas, coming upon half a dozen na^^^^i, 
what then is to be done P 

Mr. Brown : Two men together could bring a miner oxiM-t; 
but one, acting alone, could hardly do so. 

Mr. Dickinson : Yes ; but I have known a reso^a-^f 
even laid hold of, and who had to tear himself away firoxn 
sufferers, who wished him to remt^ and die with them ; axxd 
I should like to know, in the event of access being availa-l^l© 
only through irrespirable gas with no retreat, except for iytM.^ 
person usiDg the apparatus, what are the others to do P 

Mr. Brown : But there is no reason why an explor^^* 
knowing that men were in a certain place from which the^ 
was no retreat except through a poisonous atmosphere* 
should not take with him an extra set of apparatus. Otxe 
man should not go into any deadly gas by himself. If it ^^ 
to rescue life, knowing that there is a certain space '^ 
be traversed through a deadly atmosphere, two men ahotMl^ 
certainly take a spare Breathing Apparatus with them f ^ 
those whom they foimd to put on. 

Mr. Dickinson : If the rescuers could carry some portol^ 
apparatus with them of a lighter construction than this, 'ti 
persons who are shut up might safely be brought out. I 
Hutchinson lays stress upon the fact that the quality of 't 
air they have to breath is much more important than ^ 
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fintitj. Even a bladder-full, he said, if carefully used, 
^ht bring a person through a long mixture of almost 
cspirable gas. There is also now the portable apparatus 
Mr. D. Bhys Jones, whose agent, Mr. James Davies, of 
Tmarthen, has sent me the drawing, which I hold in my 
od. (See sketch and description.) 

M.T. Brown : It is only a matter of detail to make this 
hter and smaller. There is no reason why we should not 
hten it, and make it a two hours machine, if that would 
more serviceable ; but for actual work it is better to haye 
aargin if you go into any danger. So we keep to the four 
iirs till it is actually proved tons that a smaller one would 
the best. 

Mr. Dickinson : I recollect the opening out of the Ince 
ill Colliery, at "Wigan, after a serious explosion about 
xty years ago. The present Mr. James Darlington, one 
the rescuers, came upon a man who had got his empty 
ter bottle full of fresh air, and he attributed his safety to 
ng the air in that bottle, coming through the almost 
espirable after-damp. 

Dr. Le Neve Foster enquired how the oxygen was pro- 
ved — ^whether at the nline, as occasion required, or 
ether it was supplied by the patentees of the apparatus P 
Mr. Brown said it might be either way. The readiest 
y was to keep a supply of bottles always full. Two 
:en bottles might be kept at each station — supposing 
fcions were formed — and when one dozen were empty, 
»y might be sent to London to be re-filled. 
Dr. Le Neve Foster: And these bottles are so con- 
ucted that there would be no leakage P 
Mr. Brown : None at all. The oxygen may be kept for 
Y length of time. 

Dr. Lb Neve Foster : The proportions of oxygen and 
brogen in air will be, by weight, 23 of oxygen to 77 of 
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nitrogen ; therefore, if you had to carry air down a coal 
mine, it seems to^ me you would have to carry more than 
four times as much air as you would of oxygen. 

Mr. Brown : Yes. 

Dr. Le Neve Foster: And therefore the advantage, 
with respect to your apparatus, is that you have ^ 
carry a small amount ; the disadvantage is that, in place 
of nitrogen, you have to carry this filter with caustic soda. 

Mr. Brown : Caustic soda and tow. 

Dr. Le Neve Foster : Mr. Dickinson asked a question 
about the length of time that it is possible for a person to iis® 
the respirator. You said that two hours was the longest tioae 
that it had been used. The soda you are using — whiot ^ 
caustic soda — ^will be gradually converted into carbonf^^> 
and I should like to ask whether there will not be forna^ 
an outer coating of carbonate of soda, and whether, suppos- 
ing this to get pretty thick, absorption will not be pr^ 
vented P 

Mr. Brown : No ; we have tested that. When the 
apparatus is in use, the caustic soda becomes so heat^ 
that it breaks that cake away, and you find it lying on ^® 
tow. I have taken it oS a man who had been under woi^^ 
for two hours, and that is how we find it. If, however, tb® 
cake were allowed to get hard when the apparatus is p^* 
aside for some time, you would have to rub it off. Wb-^^ 
the apparatus is in constant use, the carbonate of soda br©^^ 
away with the heat. 

Dr. Le Neve Foster: I am glad to have that explanati^^' 

Mr. ToNGE, referring to Mr. Dickinson's paper, in whi^^ 
it was stated that the Secretary of State recommended 
stations should be organised in the mining districts 
Fleuss's Apparatus, asked if the Government would be p 
pared to contribute anything towards the cost of si*-^ 
stations P 
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JSfr. Dickinson: In accordance with my instructions, 
reived from the Secretary of State, I have brought the 
letter under the notice of the principal persons interested 
my district. Notably, I brought it under the notice of 
r. Peace, the Secretary of the Coal Association, who pro- 
sed that it should be laid before that Association at its 
xt meeting. It had been mentioned at one of their 
dvious meetings ; and they had also, he believed, had it 
Pore them that afternoon, but with what result he was 
able to say. 

Mr. PiLKiNGTON said that at the meeting referred to by 
*. Dickinson, that afternoon, there was not a large 
endance of the members. The matter was referred to 
ih separate district, because if the apparatus was generally 
>pted^ it would have to be worked in districts. It would 
^er do for a large district like that of Lancashire, 
eshire, and North Wales to be dependent upon a single 
tion. Places like Manchester, Wigan, St. Helens, and 
inf ord would need to have separate stations. He would 
e to ask a question with regard to the apparatus : the 
let valve was open, and always feeding, as he 
lerstands P 
tf r. Brown : Yes. 

tfr. PiLKiNGTON : How is it you cannot make the other 
ve — that in the knapsack — always feed, to admit the 
''gen constantly and regularly ? 

tfr. Brown : You can, if you like it better. I like to 
e myself a draught now and then. The two valves are 
^tly alike* When you have gained the necessary con- 
mce, you will be able to work it readily. It is well, at 
t, to take a little draught and absorb that before taking 
re. 

Mr. Hall said he wished that Mr. Dickinson had told 
im which of the different inventions he described was, in 
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hia judgment, the best. There would be found, he belieyc 
plenty of opportunities for the use of such ttn apparatus 
mines. It would be much more likely to saye property 
to save life ; and on that account he thought it would coi 
mend itself more to colliery owners and colliery manage] 

Mr. PiLKiNGTON said he could not permit the lal 
statement to go imchallenged. Mr. Hall had said 
colliery proprietors valued their property more than 
lives of the men. This he utterly denied. 

Mr. Hall : I would utterly deny that too. I say it 
likely to be more useful in saving property than in 
life ; that is my opinion, and I think it is an argument tln-^t 
would tell with colliery owners. 

Mr. Dickinson : I think the apparatus would be exca^cS- 
ingly useful in saving property, in the way Mr. Hall, tx&s 
referred to, and it might also save life ; because in 'bli.e 
opening out of stoppings with this apparatus, you have tJote 
opportunity of seeing whether a fire is out or not, before ^^ 
is turned on that might make gas into an explosive mixtixr^* 
It, or some other apparatus of the kind, enabling yoxx *^ 
enter irrespirable gas, would also admit of stoppings beitxg 
made up quicker after an explosion. Promptitude of actio* 
seems to be the great thing that is desirable when a fi^* 
takes place in a colliery. These fires are not so numerof 
now as they used to be in this district. Still they do occt^^ 
perhaps fire-damp gets lighted and sets the mine on fi.r^ 
but more means are taken now to have appliances ready tb^ 
were used in former times. For instance, you now oco 
sionally come upon an extincteur, both at the top and at ^ 
bottom of a pit, ready for use in the workings ; and tb.^ 
are colliery owners in this district who have hose in cert>^ 
lengths ready for use, which they can take down the pit. 
one instance, I believe, they took down the pit and ran 
1000 yards of hose along the levels, having screw-holes i 



valves ready for attachments with the water-pipes, and after 
the lapse of only half an hour, they were playing npon the 
fire ; and, in thie instatice, the fire was extinguished with no 
lost of life and hardly any damage to property. 



JONES' PATENT APPARATUS FOE SAVING LIFE FROM 
COLLIEEY EXPLOSIONS, &a. 




A—Iron reaerroir carried by straps B B. 
^~-Tube conTeying air to the expansihle bag M. 
C— Tube oouTeying air from the hag to the mouth-piece F. 
E e— Key for regulating the supply of air to the bag. 
""is inTention is meant to reduce the fatality of colliery 
B by providing miners who have escaped violent 
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injuries^ and more especially to individual members 
rescue parties with an immediate supply of fresh air. It 
intended that a number be left down in the mine at w 
known and most accessible points, or placed ready at 
mouth of the pit. It weighs only 141bs., so that each 
of a rescue party can carry with him two others besides 
one for his own use. Each apparatus supplies sufficient m 
for thirty to forty minutes. Thus each man takes with h^ 
sufficient air for himself for about one and a half ho 
should he be delayed. The price is five guineas. 
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lANCHESTER GEOLOGICAL SOCIETY. 



.T X. Vol. XVII. Session 1883-84. 



ANNUAL MEETING. 



?he Annual Meeting of the Members of the Society 
I held on Tuesday, the 2iid day of October, 1883, in the 
erary and Philosophical Society's Booms, Q-eorge Street, 
nchester ; 

John Aitken, Esq., J.P., President, 
in the Chair. 



NEW MEMBERS. 



Che following gentlemen were balloted for and duly 
sted ordinary members of the Society : — 
OBERT Holt Edmondson, 28, York Street, Manchester. 
>3iN Richardson Hewitt, Mining Engineer, Derby. 
^^NATHAN Isherwood, Tyldeslev. 



C^he following are the recent additions to the Library : — 
•Bristol Natural History Society : Proceedings, Part 1, YoL IV. ; List of 
"^l)er8, &C., 1883; From the Society,. Cambridge University Library: 
^nal Report, 1883. Chester Society of Natural Science : Annual Beport, 
»2-83. Cornwall; Journal of the Eoyal Institution, Part 4, Vol. VIE., 
^y, 1883 ; From the Institution, Miners' Association of OomwaU and Devon : 
ports and Proceedings for 1882 ; From the Association. Dublin : Hoyal 

14 
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Geological Society— Journal, Ptet 2, VoL VI., N.8., 1881-2 ; Frwm^ t^ 
Society, Essex Field Club: Transactions, Part 7, VoL m., 1883; .^Vmh 
the Club, Forster's Strata: a Treatise on a section of the strata ^K^fsi 
Newcastie-upon-Tyne to Cross Fell ; by Westgarth Forster — 3rd Edi-fciom, 
1883 ; Purchased, Glasgow : G^logical Society of Glasgow— Transactx-OAs, 
Part 1, Vol. Vn., 1881, 1881-82; From the Society, Geikie, James: DE*±e. 
historic Europe, 1881 ; Puvehased, Leicester Literary and Philosop!b:l<3al 
Society : Transactions for 1882-83 ; From the Society, London : Geolo^^csd 
Society — Quarterly Journal, No. 165, Vol. XXXTX. ; From the Sotri^t^, 
Institution of Mechanical Engineers — Proceedings, No. 2; April, I83S; 
From the Institution, Society for Psychical Research— Plx>ceeding8, JPfurtB 
1—3, Vol. I. ; From the Society, Royal Society — Proceedings, No. 22S —6, 
Vol. XXXV.; From the Society, Geological Magazine— No. 228 — 2^1, 
Vol. X.; Furehaeed, Manchester Field Naturalists' Society: Report gmjdA 
Proceedings for 1882 ; From the Society. Midland Institute of Engineear«: 
Transactions, Parts 45-48, Vol. VIII. ; From the Institute, WnLm^ 
Institute of Scotland : Transactions, Parts 2-4, Vol. V. ; From the Inm"^^ 
tute, Nicholson, W. Alleyne ; Manual of PalsBontolog^, 1879 ; 2 Vo^^-* 
Pwrehased. Ormerod, G. W. : Classified Index to Library of the Geologic^^ 
Society of London ; Second Supplement, from 1876 — 82 ; by G. ^^^' 
Ormerod; From the Author, Owens College Calendar, Session 1883-8^ > 
From the Council, Ricketts, Charles, M.D., F.G.S. : Pebbles in Bould^^ 
Clay of Cheshire and Lancashire; Oscillation of the Earth's Crust; t^^^^ 
Pamphlets ; From the Author, South Wales Institute of Engineer^ ' 
Proceedings, No. 4, Vol. XHI. ; From the Institute, Warwickshi*:''^ 
Naturalists' and Archaeologists* Field Club : Proceedings for 1882 ; Fru^^ 
the Club, America : Alexander Agassiz — Bulletin of the Museimi of Con*- '^ 
parative Zoology, Cambridge, Mass., Nos. 6-6, Vol. X. ; Nos. 1-2, Vol. XI- ^ 
whole series, Vol. VIE. ; G^eological series, Nos. 9-10, Vol. 1 ; From Fm^* 
A, Agassiz, Indiana: Department of Geology and Natural History — ^ 
Twelfth Annual Report, by John Collett, State Geologist ; From the Depart^ 
ment. Eleventh and Twelfth Annual Reports, by John Collett, State Qedor^ 
gist; From W, H. Fogg, Smithsonian Reports for 1863, 1866, and 1869 
From the Institution, Tertiary History of the Grand Cafion District (witf 
Atlas,) by Captain C. E. Dutton ; From the Director of the U, 8, Geologiea 
Survey y Washington, List of Palaeozoic Fossil Insects of the United State 
and Canada, by R. D. Lacoe ; From the Wyoming Historical and Gedogia 
Society. Canadian Institute — Proceedings, Fas. 4, Vol. I. ; From thelnstitui 
Cambridge— Science, No. 15, Vol. 1. Australia: Report of the Chi 
Inspector of Mines, Victoria, for 1882 ; Report for 1882 of the Trustees 
the Public Libraries, Museums, and National Gallery, Victoria ; Reportr 
the Mining Surveyors and Registrars, Victoria, (quarter ending March 3 
31st, 1883); Mineral Statistics of Victoria, for 1882; Report of 



Xnspector of ExplosiveSy for 1882, Victoria; From the JSeeretaiy qf State, 
Victoria, Sydney Public Free lilirary— Beport for 1882. Zeitschrift der 
Dentschen Geologischeii GeseUschaft: Band XXXV., Hefte 1-2, 1883; 
^rom the Society. B. Accademia dei lincei : Transunti, Vol. Vll., Fas. 
11** — 14% 3 Serie; From the Academy, L*Acaddmie Imp^riale des 
Sciences de St. P^tersbourg: Vn« S^rie, Tome XXXI., Nos. 2, 3, and 4 ; 
^r€>m the Academy, Buenos Ayres : Estadistica de Comercio y de la Nare* 
gradon, Estadistica de la Beptiblica Argentina, for 1882 ; From the Government, 



REPORT OF THE COUNCIL. 

Session 1882-83. 

At the conclusion of the Session, 1882-83, your Council 
is pleased to have a favourable Report to make as to the 
general position of the Society. 

There were six meetings held in Manchester, and three 
in Wigan. All with the exception of one in Wigan — 
w^hich had to be adjourned — ^were well attended, and 
considerable interest was shown in the various subjects 
introduced. 

As intimated in last year's Report, stock of the nominal 
^alue of £100 has been added to the invested capital of the 
Society, at a cost of £109 2s. 6d., and it is intended shortly 
^ add a further like amount. 

J^or the first time during the past eight years there is a 
^^Uing off in the number of Members enrolled, which now 
i^UTnber 16 Honorary, 8 Life, 192 Ordinary— total, 216 

-against 18 Honorary, 8 Life, 199 Ordinary — total, 225 

-at the same time last year. 

The falling off is due to several causes — 7 by death, 7 

^y resignation, and 1 by the removal of names in con« 

sequence of non-payment of subscriptions. One Honorary 

Member's name has been removed in consequence of 

conoinunications being returned, the Post Office authorities 

^ing unable to deliver them owing to change of address. 
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There appears to have been considerable apathy on ibe 
part of a large number of Members with reference to llie 
payment of their subscriptions, and your Council would 
suggest that if Members would direct payment by their 
bankers it would be a considerable saving of trouble to 
-themselves, as well as to the officials of the Society. 

It is pleasing to find that the Honorary Treasurer— as 
shown on his statement, which is appended — ^has a surplus 
balance of £126 2s 9d. in the Bank, after having invested 
the sum of £109 2s. 6d. already referred to, and notwith- 
standing the large amount of subscriptions still out-standing. 

The Library, as heretofore, has been greatly increased 
during the Session by presentation, exchange, and purchase, 
— a list of the additions will be f oimd appended. 

As in the Session now concluded, it is proposed in the 
ensuing one to hold three Ordinary Meetings at Wigan. 

Your Council take this opportunity of officially ex- 
pressing to the Mayors of "Wigan the best thanks of the 
Society for having so courteously placed the Council 
Chamber of the Municipal Authorities at the Society's 
disposal for holding their meetings ; also to Mr. Maskell 
W. Peace, F.G.S., for kindly placing the new building 
which has been erected for the Mining School at the 
disposal of the Society for the same purpose. 

There have been two Excursions during the sununer. 
One organised, and lead in July to Castleton, DerbyshirBj 
by Professor "W. Boyd Dawkins, to whom the thanks of the 
Society are due. The second was arranged for by the 
Honorary Secretaries to Liverpool in September, when 
_ about 80 Members and their friends took part, together 
with a party from the South Staffordshire and E^ 
Worcestershire Institute of Mining Engineers, who joined 
in response to an invitation sent to the Secretary, Mr- 
Alexander Smith, C.E., of Dudley. It is with nii«jh 
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e your Council notices the good feeling which exists 
1 the two Societies, and seyeral of our Members have 
t recollections of a most enjoyable and instructiye 
Lon made together to the Midland Counties three 

JO. • 

!i has been very busy during the Session, and it is 
ancholy duty of your Council to place cm record the 

• 

]!harles Morton, who has been an Honorary Member 
le formation of the Society. He was for' several 
ne of H.M/s Inspectors of Mines, and retired in 
nmg to ill-health. 

\ G. Lynde, F.G.S^ elected in 1861. City Engineer 

y years, but recently in private practice. 

Peter Pickup, F.G.S., elected 1861. Managing. 

of Messrs. Brooks and Pickup, at the Towneley 
3S, near Burnley. 

Peter Spence, F.C.S., elected 1862, whose intimate 
Lon with the chemical industries and idiscoveries, as 

many of the most important social movements of 
iportant city and surrounding towns, &c., is uni- 

known. 

John "Waddington, elected 1877, who, through his 
1 talent and energy, raised himself to the important 

of consulting engineer for the extensive collieries 
ig to the executors of Colonel Hargreaves, and in 
lie began working, as usual in those days, at a very 
age, and one now prohibited by the laws of the 
. He has also held the appointment of Examiner, 
h he has annually been elected by the Board for 
nting of Colliery Managers' Certificates, since the 
ines Regulation of 1872 came into force. 
\ W. Dixon, elected 1879, and Mr. Lewis Jackson, 
in 1877. 
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£ 8. d. 

Subscriptions received for 1882-88 176 10 

Arrears received 7 

Arrears remaining • • 36 18 

£220 8 

ATlTfflAHfl EEHAININei OciOBEB, 1888. 

£ 8. d. 

24 for 1882-88 24 

8 „ 1881-82 8 

3 (less 2s.) for 1880-81 2 18 

lforl879-80 • 10 

1 „ 1878-79 1 

£36 18 



THE FOLLOWING IS A LIST OF PAPERS AND COMMUNICATIONS 

WHICH HAYB BEBN BBOUOHT BBFORB THB 

ORDINARY MEETINGS DURING THE SESSION :— 

1882. 
November. Thompson, Joseph. "On the Measurement of Air 

Currents." 

December. " On Centrifugal Fans." Discussion. 

The Owens College. 

The Permian Rocks of Manchester. 

The Measurement of Air Currents in Mines. 

De Ranee, C.E., Assoc.Inst.C.E., F.G.S. "On the 
Occurrence of Manganese and HsBmatite at Nant 
Uchaf , near Abergele, Denbighshire, in Old Red 

Sandstone or Carboniferous Basement Beds." 

1883. 

January. A New Anemometer, with Diagram. 

The Permian Rocks, South of Manchester. 



; 
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February. 



March. 



April. 



June. 



Dickinson, Joseph, F.G.S. ''Notes on Safe 

Lamps." 
Green, James S. " The Mueseler Safety Lamp a 

Testing Apparatus in use at Celynen GoUie 

Monmouthshire." 
Morton, G. H., F.G.S. " On the Strata between 

Carboniferous Limestone and the Goal Measn 

in Denbighshire and Flintshire." 
Kinahan, G. H;.| Ji.R,I.A.. "Notes on Fault-Eoe 

with Diagrapas. .' 

Burnett, R. T.,. F.G.S. " Section of Strata pas 

through in Artesian Well-boring at Ardwick." 
Dickinson, Joseph, F.G.S. ** On Respirators i 

Lamps for penetrating Noxious Gases." 
Discussion. — "On the Mueseler Safety Lamp i 

Testing Apparatus at Celynen Colliery." 
Watts, WiUiam, F.G.S. "Interesting Sections 

Strata at Readycon Dean, Saddleworth. 
" The Fleuss' Breathing Apparatus and Lamp." I 

cription and Discussion, illustrated. 



• \ 



i 
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The following noblemen and gentlemen were unanimously 
elected as Officers and Members of the Council for tbe ensuing 

year:— 

President: 

EDWAKD PILKINGTON, J.P. 

Vice-Presidents: ) 

WILLIA3i BRTHAM, J.P. 

CLEGG MVESEY. 

MAKK STIRRUP, F.GJS. 

E. LEADER WILLIAMS, M.In8t.C.E. 

Ex 'Officio Vice-Presidents: 



JAMES HEYWOOD, F.R.S. 
G. W. ORMEROD, F.G.S. 
JOSEPH DICKINSON, F.G.S. 
ANDBEW KN0WLE8. 
G. C. GREENWELL. F.G.S. 



JOHN AITKEN, J. P. 
JOHN KNOWLES, M.In8t.C.E. 
THOMAS KNOWLES, M.P. 
W. BOYD DAWKINS, F.R.S. 
R. CLIFFORD SMITH, F.G.S. 



JOHN EDWARD FORBES, F.G.S. 

Right. Hon. The EARL OF CRAWFORD & BALCARRE8. 

Sm U. J. K-SHDTTLEWORTH, Bart. 

GEORGE GILROY, M.Inst.C.E. 

Hon» Treasurer: 

HENRY MERE ORMEROD, F.G.S. 

Hon. Secretaries: 

JOSEPH S. MARTIN, F.G.S. | JOHN E. FORBES, F.G.S. 

Other Members of the Council: 



[ W.S.BARRETT. 

' CHRISTOPHER F. CLARK. 

I ^' C. GREENWELL, Junr., F.G.S. 

I JOHK GREENWOOD, Jiinr. * 

^EY HALL. 

CHARLES HARDWICK. 



JOHN L. HEDLEY. 

G. H. HOLLINGWORTH, F.G.S. 

GEORGE PEACE. 

J. F. SEDDON. 

GEORGE WILD. 

H. A. WOODWARD. 



Hon. Auditors: 

AIRBED PILKINGTON. | JAMES ATHERTON. 
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KEW ORDINABY MEMBERS. 



Caldwell, Oeorge. 
Cnnliffe, James. 



Greensmith, Thomas. 
Mather, William Pemi. 
Shortrede, Thomas. 



MEMBERS DECEASED. 



Morton, Charles (JSm. Member J, 



Dixon, Charles W. 
Jackson, Lewis. 
Lynde, J. G., F.G.S. 



Pickup, Peter, F.G.S. 
Spence, Peter, F.C.S. 
Waddington, John. 



MEMBERS RESIGNED, &c. 



Hawkins, B. W., F.G.S. fHm. Member J. 



Barnes, Richard J. 
Hall, Robert. 
Hodgekiss, John. 



Jeffcock, Charles E. 
Phillips, Herbert. 
Stephens, James H» 
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PAST PRESIDEl^S OF THE SOCIETY. 



Election. 







Egerton, The Et. Hon. Francis, M.P. 


, 49-50-1 


Heywood, James, F.R.S., F.G.8. 


, 55-6-7 


Egerton, Sir Philip de Malpas Grey-, £art.,M.P. 




Mosley, Sir Oswald, Bart 




Thicknesse, Kalph, M.P., Wigan. 




Black, James, M.D., F.G.S. 



, 65-6-7 

1 

,77-8 



1, 82-3 



>-7 



Ormerod, G. W., M.A., F.G.S. 

Binney, E. W., F.R.S., F.G.S. 

Kay-Shuttleworth, Sir J. P., Bart., M.P. 

Dickinson, Joseph, F.G.S. 

Knowles, Andrew. 

Greenwell, G. C, F.G.S. 

Aitken, John, F.G.S. 

Enowles, John, M.Inst.C.E. 

Knowles, Thomas, M.P. 

Dawkins, Professor W. Boyd, F.R.S., F.G.S. 

Smith, R. Clifford, F.G.S. 

Forbes, John Edward, F.G.S. 

Lindsay, Lord, F.R.S. 

Kay-Shuttleworth, Sir TJghtred J., Bart 

Gilroy, Gteorge, M.Inst.C.E. 
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LIST OP MEMBERS. 

^ OCTOBBB, 1883. 



The Names of Honorary Members are printed in Italiei, 
* Members who have compounded for the Annual Subscription. 



Year of 
Bleotion. 



1877 
1874 
1863 

1879 
1877 
1865 
1878 
1878 
1877 
1878 
1878 

1881 

1866 
1875 

1880 

1879 
1858 
1877 
1881 

1867 



Adamson, Daniel, F.G.S., The Towers, Didsbury. 
Affossiz, Alexander, Cambri^dge, Massachusetts, TJ.S.A. 
Aitken, John, J.P., Clifton Villas, XJrmston. I 

President. 
Arrandale, John Thoiaa9} Bradford Colliery, Manchest^ 
Arthur, David, Baxendale Collieries, near Accrington. 
Ash worth, Edward, Stag Hills, "Waterfoot, near Manchee 
Ashworth, James,. Mapperley Colliery, "West HaUam, De: 
Ashworth, Thomas, 32, St. Ann's Street, Manchester. 
Atherton, James, 16, Acresfield, Bolton. Han. Auditof 
Atkinson, Samuel C, Stand Lane Colliery, EadclifPe. 
Atkinson, W. N., H.M. Inspector of Mines, Shincliffe E 

Durham. 
Aubrey, Eichard Charles, Standish, near Wigan. 

Bamford, J. B., Mining Engineer, Brochdale. 

Barrett, W. S., ISTew Hall, 41, Old Hall Street, Liver| 

Member of Council. 
Barton, Eichard, jun., "Westleigh Lodge, Leigh, near B 

Chester. 
Baxter, Henry, Tyldesley Colliery, Tyldesley. 
Bazley, Sir Thomas, Bart., Eiyersleigh, Lytham. 
Beswick, James, Shakerley Collieries, Tyldesley. 
Black, W. a., F.KCS.Ed., F.G.S.Ed., 2, George's S^i: 

Edinburgh. 
Bolton, H. H., Newchurch, near Manchester. 



Fear of 
BectioD. 



1880 
1880 

1S78 

1382 
ISVS 
1SV7 
1380 
13V7 

1S61 

1330 

13 a9 
1331 
1362 

1B32 

lB7g 

1B75 
IB78 



1BB2 

1B79 
IBBI 

1BB2 

1B78 

1B82 

1878 



Bolton, H. H., ]im., Newclmrch, near Manchester. 

Boot, John Thomas, The Orchards, Hucknall Huthwaite, 

near Mansfield. 
Bradford, The Right Hon. the Earl of, Weston Park, near 

Shifnal. 
Bradley, F. Lewis, Bel-Air, Alderley Edge. 
Brocklehnrst, Thomas, Dean, Bolton. 
Broeek, Ernest Vanden, 124, Ene Terre Neuve, Brossells. 
Bromley, Thomas, 17, Hind's Fold, Elton, Bury. 
Brongniarty Charles, Museum d'Histoire Naturelle, 57, Rue 

Cuvier, Paris. 
Brooks, Thomas, Crawshay Hall, Rawtenstall. 
Brown, "Wm. Speakman, 14, TreTelyn Bank, Abbey GroTe, 

Eccles. 
Bryham, William, J.P., Ince Hall, Wigan. Vice-President. 
Bryham, Wm., jun., Douglas Bank Colliery, Wigan. 
*Buccleuch, His Ghrace the Duke of, Whitehall Gardens, 

London, S.W. 
Burnett, R. T., F.G.S., Cresswell Grove, Albert Park, 

Didsbury. 
Bums, Thomas, Plank Lane Colliery, Westleigh, Leigh, 

near Manchester. 
Burrows, Abraham, Atherton Collieries, nesu: Manchester. 
Burrows, John 8., Yew Tree House, Atherton, near Man- 
chester. 

Caldwell, (}eorge, Moss Hall Collieries, Wigan. 
Carter, James, 1 , Granville Terrace, Blackburn. 
Clark, Christopher F., Park Lane Codlieries, Wigan. 

Member of Council, 
Clark,Gteorge,LeaFarm,Twycro8s, Atherstone, Leicestershire. 
Clayton, Abel, 11, Chapel Walks, Manchester. 
Cockson, Charles, King Street, Wigan. 
Cooke, Charles, Marehay Main Colliery, Ripley, near Derby. 



^ 
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Year of 
Election. 

1859 *Coulthart, John Ross, F.R.S.,Lit., F.S.A.,Scot., Cn 

House, Ashton-Tinder-Lyne. 

1878 Cowbum, Henry, West Leigh, near Manchester, 

1879 Crawford and Balcaires, The Eight Hon. the Earl 

Haigh Hall, Wigan. Past-President. 

1880 Crompton, William, Ince, near Wigan. 
1862 Cross, John, 77, King Street, Manchester. 

1860 Crowther, Samuel, Bradford Estate Office, Bolton. 
1882 Cunliffe, James, 266, Bolton Broad, Chorley. 

1860 Darbishire, R. D., B.A,, F.G.S., 26, George Street, Ma 

Chester. 
1869 Dawkins, Professor W. Boyd, M.A., F.R.S., The Owe 

College, Manchester. Past-President. 
1877 ^e Ranee, C, E.y F.G.S., Geological Survey, Jermyn Stree 

London, S.W. 
1862 *Derby, The Right Hon. the Earl of, Knowsley. 
1882 Devonport, John, Chamber Collieries, Oldham. 
1856 Dickinson, Joseph, F.G.S., H.M. Inspector of Mines, Soul 

Bank, Pendleton. Past-President, 

1879 Drinnan, Richard, Outwood Colliery, near Manchester. 

1880 Duncan, William, M.D., Prospect House, Tyldesley. 

1877 Edmondson, Thomas, Cliviger Collieries, near Burnley. 
1852 Egerton, The Hon. Algernon, M.P., Worsley Old Hall, ne 

Manchester. 

1878 EUesmere, The Right Hon. the Earl of, Worsley. 
1838 Embleton, T. W,^ The Cedars, Methley, Leeds. 

1838 Ennishilhn, The Right Hon. the Earl of, F.R.S., Floren< 
Court, Fermanagh. 
. 1865 Evans, Walter, Longsight, Oldham. 

1880 Fairclough, William, Leigh, near Manchester. 

1880 Fairley, Joseph Smith, 64, Victoria Street, Liverpool. 
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Teirof 
Bection. 



1863 
1873 
1875 
1868 
1867 



Earrar, James, 12, Market Street, Bury. 
Fletcher, Herbert, The HoUins, Bolton. 
Fletcher, Ealph, jun., Atherton Collieries, neox Manchester. 
Fletcher, Thomas, Haulgh, Bolton. 

Forbes, John Edward, F.G.S., 42, Clarence Road, Birk- 
dale, Southport. Past- President , and Em. Secretary. 



1873 
1874 

1866 

1861 
1882 
1881 
1878 
1882 
1882 
1863 
1874 

1879 

1879 
1883 

1880 

1880 
1877 
1877 
1879 



Oarforth, W. E., Colliery Offices, [Normanton. 

Geikie, Arehibaldy LL.D., F.R.S., Geological Survey, 

Jermyn Street, London, S.W. 
Gilroy, Gteorge, M.Inst. C.E., Woodlands, Parbold, Wigan. 

Past' President. 
Gilroy, Samuel B., Ambergate, near Derby. 
Glover, B. B., Haydock, near St. Helens. 
Goodhall, John, Handsworth, Woodhouse, near Sheffield. 
Greener, W. J., Pemberton Colliery, Wigan. 
Greenhalgh, Robert, Engineer, Atherton, near Manchester. 
Gresley, W. Stuckley, F.G.S. , Overseal, Ashby-de-la-Zouch. 
Greenwell, G. C, F.G.S., Duffield, Derby. Past President. 
Greenwell, G. C, jun., F.G.S., Poynton, near Stockport. 

Member of Council. 
Greenwood, John, jun., Ashton Moss CoUiery, Audenshaw, 

Manchester. Member of Council. 
Gregson, Edward, 11, Chapel Street, Preston. 
Greensmith, Thomas, Moston Colliery, Failsworth, Man- 
chester. 
Grimke, Theodore Drayton, Whitledgehurst, Ashton-in- 

Makerfield. 
Grimshaw, H. Stott, Stand Lane Colliery, Radcliffe. 
Grundy, H. T., Colliery Surveyor, Radcliffe. 
Grundy, Joseph, Colliery Surveyor, Radcliffe. 
Guibal, TheophiUf Professor d' Exploitation des Mines, 

Mons, Belgium. 
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Year of 
Bleotion. 

1881 Hall, Henry, H.M. Inspector of Mines, Eainhill, Pref 

Member of Cauneil. 
1877 Handsley, Robert, Burnley Colliery Offices, Burnley. 

1861 Harbottle, W. H., Oirell Colliery, near Wigan. 

1864 Hardwick, C, 72, Talbot Street, Moss Side, Mancbei 

Member of Council. 
1880 Hargreaves, John, Collyhurst Paper Mills, Manchester 

1874 Hawkshawy Sir John, Knight, F.R.S., 33, Great Gk 

Street, "Westminster, 8.W. 

1877 Hayden, F, F., State Geologist, Washington, U.S.A. 

1882 Heathcote, William, Famworth, near Bolton. 

1878 Hedley, John L., H.M. Inspector of Mines, Flookersbi 

Chester. Member of Council. 

1875 Hetherington, Joseph, 22, Booth Street, Manchester. 
1874 Hewlett, W. H., Wigan Coal and Iron Company, Wiga 

1880 Heys, James, Westleigh, Leigh, near Manchester. 
1838 *Heywood, James, F.R.S., F.G.S., 26, Kensington B 

Gardens, London, W. Past-President. 

1862 Heywood, Oliver, Claremont, Pendleton. 

1876 Higson, John, F.G.S., 18, Booth Street, Manchester. 

1881 Hilton, J., Wigan Coal and Iron Company, Wigan. 
1878 Holden, Charles H., Mawdsley Street, Bolton. 

1877 Holding, William, Crossall Colliery, near Nottingham. 

1878 Hollingworth, George H., F.G.S., HoUinwood, Manche 
Member of Council. 

1878 Howell, John, Astley, near Manchester. 

1874 HuUy Professor Edward, M.A., F.R.S., 5, Raglan II 

Dublin. 
1880 Hulton, W. W. B., J.P., Hulton Park, near Bolton. 



1878 Jackson, Charles G., Chamber Colliery Offices, Hollinw 

'Manchester. 
1875 Jackson, J., 5, Wood Street, Bolton. 
1880 Jackson, William, 75, Broadway Street, Oldham. 
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Tear of 
Election. 



1879 
1882 
1844 



Johnson, Isaiahy 

Johnson William, Abram Colliery, Wigan. 

♦Joule, J. P., LL.D., F.It.8., 12, Wardle Road, Sale. 



1880 Kennedy, Matthew, 79, Broadway Street, Oldham. 

1882 Kenney, Gteorge, 11, King Street, Wigan. 

1879 Einahan, O. JTi, M.E.I. A., Lurgybrack, Letterkenny, 

Ireland. 
1856 Knowles, Andrew, Swinton Hall, Swinton, near Manchester. 

Past-President. 
1859 Knowles, John, M.Inst.C.E., J.P., Westwood, Pendlebnry, 

Past'President. 

1882 Knowles, Israel, Ince Coal and Iron Company, Wigan. 
1877 Knowles, Lees, M.A., L.L.M., Westwood, Pendlebury. 
1 858 Knowles, Thomas, M.P., Damhall Hall, Winsford, Cheshire. 
Past-Ptesident. 



1858 
1862 

1877 
1878 
1877 
1879 



Lancaster, John, F.G.S., Bilton Grange, Rugby. 

Livesey, Clegg, Poise House, Torkington, near Stockport. 

Fiee-Presuient, 
livesey, Thomas, Bradford Colliery, Manchester. 
Longbotham, Jonathan, Norley CoUiery, Wigan. 
Lord, James, Hill House, Rochdale. 
Lupton, Arnold, F.G.S., M.Inst.C.E., 4, Albion Placet 

Leeds. 



1881 
1878 
1873 

1883 
1B79 
1881 



MacAlpine, G. W., Whinney Hill CoUiery, Accrington. 

Maiden, Sampson, Bridgewater Villas, Stockport. 

Martin, Joseph S., F.G.S., H.M. Inspector of Mines, Park 

Villas, Prestwich. Mbn. Secretary. 
Mather, William Penn, Iron Works, Salford. 
MeUing, William. 
Merfyn, A., care of Messrs. Higson, 18, Booth Street, 

Manchester. 
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Year of 
Election. 



1876 
1874 

1878 
1878 
1864 

1838 
1838 
1874 



1862 
1880 

1880 
1876 
1877 
1881 
1876 

1881 
1877 
1882 
1878 

1877 
1873 

1879 

1873 



Moore, Alfred. C.E., 5, Clarence Street, Manchester. 
Morton^ G. IT., E.G.S., 122, London Eoad, Liyerpool. 

I^all, Simon, Newbold, Eochdale. 

ITelson, William, Abram Colliery, Bickershaw, near Wig^ 

Nuttall, Thomas, Colliery Surveyor, Bnry. 

Ormerod, G. W., M.A., F.G.S., Woodway, Teignmou-i 

Fast-Fresident, 
Ormerod, H. M., E.G.S., 5, Clarence Street, ManchesS 

Him, Treasur&r, 
Owen, PtofiBSor JRtchard, D.C.L., F.R.S., So^b 

Kensington I^atural History Museum, London, S.W. 

Park, James, Fern Hill, Bury. 

Parish, Arthur Woodbine, Clowes House, Higher BroxLi 

ton, Manchester. 
Parr, Thomas, Westleigh, Leigh, near Manchester. 
Peace, George, Monton Grove, Eccles. Member of Couf^ 
Peace, Maskell, W., F.G.S., Wigan. 
Pearson, A., Dukin£eld Cottage, near Ashton-under-Lyr 
Penman, J. Hugh, 2, Clarence Buildings, Booth Str 

Manchester. 
Pennington, A. S., Wood Street, Bolton. 
Pennington, Rooke, F.G.S., 14, Acresfield, Bolton. ' 
Percy, C. M., King Street, Wigan. 
Perrin, J. Beswick, M.R.C.S.E., F.L.S., Leigh, 

Manchester. 
Pickup, Peter Wright, Rishton, near Blackburn. 
Pilkington, Alfred, Clifton Collieries, near Mane 

Hon. Anditor. 
Pilkington, Charles, Ashton and Edge Green Co 

St. Helens. 
Pilkington, Edward, J.P., Clifton Collieries, near Mai 

PteeideKt, 
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Year of 
JBlection. 



1867 

1877 
1880 

1876 
1876 



1877 



Wild, George, Bardsley Colliery, Ashton-under-Lyne. 

Member of Council, 
Wild, Joseph, 3, Stoneclough Eoad, Eearsley, near Bolton. 
Williams, E. Leader, M.InBt.C.E., Queen's Chambers, John 

Dalton Street, Manchester. Vice-President. 
Winstanley, Bobert, 32, St. Ann's Street, -Manchester. 
Woodward, H. A., Clifton, near Manchester. Member of 

Council, 

Yates, T. M., Anderton Hall Colliery, Blackrod, Chorley. 



-^^^^^hers are requested to communicate immediately to the Men. 
^^^^^€9rie8 aU changes of Residences. 
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PRESENTATIONS TO THE LIBRARY, 1882-83. 



Belfast. — Natural History and Philosophical Society. 

for Session 1881-82. From the Society. 
Bristol Naturalists' Society.— Part 1, Vol IV., N.S. From 

Society. 
Broeck, E.V. — Four Pamphlets, by E. V. Broeck. From 

Author. 
Catalogue of Works on Natural History, including many relatxi^^Hig 

to Geology. Catalogue of Periodicals, Journals, and Trans£i^^c- 

tions of Learned Societies, and Issues from H.M. GovemnL^=^^t 

and Private Presses. (Both Catalogues possess Index for ti^Mie 

facility of reference.) Presented by Mr. Bernard Quaritch^ 
Cambridge IFniversity. — Report of the Museums and Lect^uK re 

Rooms Syndicate. For 1882. Annual Report of the TJniv<=3r- 

sity Library, 1883. 
Cornwall. — Transactions of the Royal Geological Society ^of. 

Catalogue of the Library, 1882. From the Society. 
Cornwall. — Royal Institution of. — Journal. Parts 3 and 4, A^ '^' 

VII. 1882-3. From the Council 
Cornwall and Devon. — Reports and Proceedings of the Miii^^"rs' 

Association. 1882. FVom the Council, 
De Ranee, C.E. — Eighth Report to British Association on Un.d— -^J** 

ground "Water Supply. IVom the Author. 
Dublin. — Royal Dublin Society. — Transactions. Vol. I., Parts ^^ 

and 16. Proceedings. Vol. III., Part V. I^om the Sooi^^y- 
Dublin. — lloyal Geological Society. — Journal. Part 11. , VoL '^^' 

New Series. 1881-2. From the Society. 
Edinburgh Geological Society.— Transactions for 1881-2. i^^»» 

the Society. 
Edinburgh Royal Physical Society. — ^Proceedings Session 1881-^- 

From the Society. 
Essex Field Club.— Transactions. Parts 7, Vol. III. From ^^ 

Club. 
Glasgow Geological Society. — Transactions. Part 1, Vol. VH* 
From the Society. 
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Natural History Society. — Proceedings. Farts 1-2, Vol. 

?art 1, Yol. 5. From the Society, 

hire Natural History and Field Club. — Transactions. 

2, Yol. II. From the Council. 

•f. E., F.R.S. — Contribntions to the Physical History of 

British Isles, by Professor E. Hull, F.R.S. Three 

ogical Pamphlets. Presented hy the Author. 

n of Mechanical Engineers. — Proceedings. Nos. 3 and 4, 

:. From the Council. 

Steel Institute.— Journal. No. 2, 1882. F^om the 
\cih 
G. H. — Two Geological Pamphlets. From the Author. 

Literary and Philosophical Society. — Transactions for 
!-83. From the Council. 

Geological Association. — Transactions. Session 1881-2. 
ual Eeport 1882. FVom the Society, 

Geological Society. — Proceedings, 1881-2. Frrni the 
rty. 

Geological Society. — Quarterly Journal. Nos. 152 to 155. 
racts of Proceedings for the Session 1882-3. List of 
)ws (November, 1882). From the Society. 
Geologists' Association. — Proceedings. Nos. 6-7, Yol. 
No. 1, Yol. YIII. Annual Report, 1883. F^wn the 
\cil. 

-Royal Institution. — Proceedings. Nos. 73-74, Yol. IX. 
3 1-4-5, Yol. X. FVom the Institution. 

-Royal Society. — ^Proceedings. Parts 222-26, Yols. 
XIY.— XXXY. From the Society. 

-Institution of Mechanical Engineers. — No. 2. April, 
I. From the Institute. 

-Society for Psychical Research. Parts 1-3. F^om the 
ety. 

jer Field Naturalists' Society.— Report for 1881-82. 
n the Society. 

■jei Scientific Students' Association. — ^Report and Proceed- 
for 1882. From the Association^ 
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Manchester Victoria XJniyersity. — Calendars Session 1882-83 and 

1883-84. M'om the Council. 
Midland Institate of Engineers. — ^Transactions. Parts 59-68, Yol. 

VIII. From the Council, 
Mining Institute of Scotland. — ^Transactions. Parts 6-18, Vol. 

IV. Parts 1-4, Vol. V. 1882-83. From the Council 
Morton, G. H., F.G.S. — Carboniferous Limestone and Ce£a-y-Fedw 

Sandstone, North Wales. Presented hy the Author. 
North of England Institute of Engmeers. — Transactions. Part 5, 

VoL XXXI. Parts 1-4, Vol. XXXII. From the Council. 
Norwich Geological Society. — Proceedings. Vol. I., Parts 1, 2, 4, 

5, 6, 7 ; 6 Parts. 1878-83. From the Society. 
Ormerod, G. W., Classified Index to Library of the Geological 
Society of London. — Second Supplement from 1876 to 1882. 
From the Author. 
Bicketts, Charles, M.D., F.G.S. — ^Two Pamphlets. From the 

Author. 
South "Wales Institute of Engineers. — ^Proceedings. Parts 1-4, 

VoL XTTT. From the Institute. 
"Warwickshire Naturalists' and ArchsBologists' Field Club.- 

Proceedings for 1882. FY-om the Club. 
Yorkshire Geological and Polytechnic Society. — Proceedings 
Part 1, Vol. "VEIL 1882. F^om the Society. 

AmsnjAJL Bepobts, fboh the Committees. 
Birmingham Free Library. — Beport. 1881-82. 
Chester Society of Natural Science. 1882-83. 
Devon and Exeter Free Library. 1882-83. 
Dundee Free Library. 188 1 -82. 
Liverpool Free Library. 1882-83. 
Salford Museum, Libraries, and Parks. 1881-82. 
"Wigan Free Library. 1 882-83. 

U.S. Ameeica ajh) Caitada. 
Agassiz, Alexander. — ^Museum of Comparative Zoology, d 
bridge, U.S.A. Annual Beport of the Curator. 1881-i 
BuUetin. Nos. 2-6, Vol. X. Nos. 1-2, Vol. XI. Who^^ 
Series, Vol. "VIL Geological Series, Nos. 9-10, Vol. L 
Cambridge. — Science. Nos. 1 and 15, Vol. I. 
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Hayden, F. V. — ^U.S. Geological Survey of the Temtories. 

Ko8. 1-3, Vol. VI. 
Tndiana. — Department of Geology and Natural History. Eleventh 

Annual Eeport by John CoUett, State Geologist. IVam the 

Department. Eleventh and Twelfth Annual Reports. IVom 
W. S. Fogg. 
N"e^^ York.— American Museum of Natural History. Bulletin. 

Parts 2-4. 13th and I4th Annual Keports, 1882-83. From 

the Committee. 
Sroitlisonian Institution, U.S.A. — Annual Keports for 1863, 1866, 

and 1869. List of Foreign Correspondents (corrected to 

1882). From the Institution, 
^aloeozoic Fossil Insects of the United States and Canada. By 

E. D. Lacoe. From the Wyoming Historical and Geological 

Society. 
^©J±iary History of the Grand Canon District, with atlas. By 

Captain C. E. Dutton. From the Director of the U.S. 

Geological Survey^ Washington. 
■*^oronto. — The Canadian Journal. — Proceedings. Parts 3-4, Vol. I. 

!New Series. From the Council. 
-t^i'ansactions of the American Institute of^ Mining Engineers. — 

Vol. X. 1882. From the Council. 
^^inchell, N". H., State Geologist. — Geological and Natural History 

Survey of Minnesota. 9th Annual Eeport, 1880. 

• 

AUSTKALIA. 

^^^eral Statistics of Victoria for 1882. 

^^^rterly Eeports of the Mining Surveyors and Eegistrars, 

Victoria. June, 1882, to March, 1883. 
^-^pcrt of the Chief Inspector of Mines, Victoria, for 1882. 
^^Pcrt for 1882 of the Trustees of the Public Libraries, Museums, 

and National Gallery, Victoria. 
^^Port of the Inspector of Explosives for 1882, Victoria. From 

the Secretary of State, Victoria. 
^y^ey.— Public Free Library: Report for 1882. F^om the 

Committee. 
"^^^nal Eeport of the Department of Mines, 1880-1. 
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Journal of the Royal Society of New South Wales, 1881. 
Minerals of New South Wales. 

New South Wales. — ^Brief Statistics and Descriptive Account ^^'» 
by Thomas Richards ; 1882. From the Royal Society, N.8. ^' 

Nova Scotia. 
Halifax. — Institute of Natural Science. Proceedings and Tra^^^ 
actions. Part 4, Vol. V. 1881-82. From the Institute. 

FOEEIGN. 

Academic Imperiale des Sciences de St. Petersbourg. Memoire^^^ 

Vol. VII. Serie No. 5. Tome XXVIII. Bulletin Nos. 4-P^ ^^' 

Tome XXX., Nos. 2-4. Tome XXXI. From the Academy^ 
Buenos Ayres. — Oficina Nacional de Estadfstica Comercialde 

Republica Argentina. Statistics of Foreign Commerce. 188 

From the Government. 
R. Accademia dei Lincei. — Transunti. Vol. VII. Fascicolo 1**-14 

1882-83. Memoirs. Vol. IX.-X. 1881. From the Aeadm 
Deutsche Geologische Gesellschaft. — Zeitschrift. Hefte, 2- 

Band XXXIV. Hefte, 1-2, Band XXXV. From t 

Society, 
Naturforschende Gesellschaft zu Leipzig. — Sitzungsberic 

1882. From the Council. 
Naturwissenschafbliche Gesellschaft Isis in Dresden. — Sitzxm 

berichte. July to December, 1882. From the Society. 
Rio de Janeiro. — Museu Nacional. Archives. Vol. IV., Parts 1- 

1879. Parts 1-4. 1880. From the Council. 
Societa Toscana di Scienze Naturali. Pisa. Memorie. Vol. 

Fas. 2°. Processi, Vol. VIII. From the Society. 
Societa Toscana di Scienze Naturali. Pisa. Processi. Vol. VHII 

FVom the Society. 
Societe Royale Malacologique de Belgique : 

Annales. Tome XIV.-XVI. Abstracts, 3 parts. 1882-8 

Two Pamphlets, by M. A. Ruhat. From the Society. 
Societe Vaudoise des Sciences Naturelles. Lausanne. Bulle 

No. 88, Vol. XVIIL 1882. From the Society. 

Soci^t^ G^ologique du Nord. Lille. Annales. Tome 
1881-82. From the Society. 
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fiir Erdkande zu Halle a/S. Mittheilungea fiir 1882* 
m the Society, 

BOOKS PTJECHASED 1882-83. 

3 Strata. — ^A Treatise on a section of the Strata from New- 

Ue-npon-Tyue to Cross Fell. By Westgarth Forster. 3rd 

tion. 1883. 

}al Magazine. Nos. 220-31. 1882-83. 

lal Kecord for 1878. 

.—Text Book, by Dr. A. Geikie, F.R.S. 1881. 

ology.— Manual, by H. A. Nicholson, F.G.S. 1879. 

ric Europe, by James G^eikie, F.R.S. 1881. 

3s, by J. W. Judd, F.R.S. 1882. 



S WITH WHOM THE SoCIBTY ExCHANOBS ITS TkANSACTIOITS, 
tfSTITUnONS AND JOURNALS TO WHOM A CoPY IS SENT FbEE. 

I. — England. 
British Museum. 

Geological Society. 

Geological Survey. 

Geologists' Association. 

Institute of Mechanical Engineers, Yictoria 
Street, S.W. 

Iron and Steel Institute. 

Royal Institution. 

Royal Society. 

Society for Psychical Research. 
ter Field Naturalists' Society. 

Free Library. 

Literary and Philosophical Society. 

Owens College. 

Salford Royal Museum and Library. 

Scientific Students' Association. 

/ Midland Institute of Mining Engineers. 

iham Free Library and Museum. 



170 

Bristot. . 4 Naturalists' Society. 

BuekhurstmU, Euex Essex Field Club. 

Camhome, Miners' Association of Cornwall and Deyon. 

Cambridge Geological Museum, TJniyersity. 

University Library. 

Cheater Society of Natural Science. 

Cheet^field Institute of Mining Engineers (in bound yols). 

Cornwall Eoyal Geological Society, Penzance. 

Eoyal Institution, Truro. 

Ihidley South Staffordshire and East Worcestershire 

Institute of Mining Engineers. 

Exeter .Albert Memorial Museum. 

Leeds Geological and Polytechnic Society. 

Philosophical and Literary Society. 

Leicester Literary and Philosophical Society. 

Liverpool Pree Library and Museum. 

Geological Association. 

Geological Society. 
Newcmtle^on-I^m.Jixiatitui^ of Mining and Mechanical Engineers- 
Oxford Bodleian Library. 

Radcliffe Library. 
North Shields . . . .Public Pree Library. 

Redruth Mining Institute of Cornwall. 

Stoke-on-Trent, . . .North StafEordshire Institute of Mining an 

Mechanical Engineers. 

Swansea South Wales Institute of Mining and Mechanics 

Engineers. 

Warwick Natural History Society. 

fVatfordy Herts.,. .Natural History Society and Field Club. 
Wigan Free Library. 

Mining School. 

n. — Scotland. 

Dundee Free Library and Museum. 

Edinburgh Advocates' Library. 

Geological Society. 

Boyal Society. 

Royal Physical Society. 
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Gliugw) Geological Society. 

Natural History Society. 
Hiamiltm Mining Institute of Scotland. 

III. — ^iBELAin). 

Dublin Royal Dublin Society. 

Eoyal Geological Society of Ireland. 

Trinity College Library. 
Belfast jN"atural History Society. 

IV. — Atjstbalia. 

Melbourne tMUic Library of Victoria. 

Sydney Free PubHc Library. 

Royal Society of New South Wales. 
-NetoeastU John Mackenzie, E.G.S. 

Gakada and UioTED Statks. 

Montreal Geological Survey of Canada (A. R. C. Selwyn^ 

F.G.S., Director). 
M'Gill CoUege (Principal, J. W. Dawson, F.G.S.) 

Toronto Canadian Institute. 

Boston, U.8 Free Library. 

Oolumhu8, U.S. . .Ohio, Geographical Survey of (Dr. J. S. New- 

berry). 
-Sw^on, U.S. ... .American Institute of Mining Engineers. 
^^^^iana, U.S. ....Department of Geology and Natural History 

(John Collett, State Geologist). 
^^ianopoloSy US. E. T. Cox, State Geologist. 
^^^ha/oen, US. . .Professor 0. C. Marsh, F.G.S. 
-^eto York American Museum of Natural History, Central 

Park. 
^^hington^ ^.5. .Department of the Interior U.S. Geological 

Survey. 
Smithsonian Institution. 
'^omm^, U.S. . .Historical and Geological Society. 

VI. — FoEEiGN Societies. 

-^^Itn Deutschen geologischen Gesellschaft. 

'^^*^no8 Ayres . . . .Officiana Nacional de Commercie. 
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Calcutta Geological Suiyey of India. 

Chrutiania Royal XJniyersity of Norway 

HalUy A. 8 Yerein for Erdkonde. 

Zausanne (Suisse) ..^od&i^ Yaudoise des Soiences Natnrelles. 

ZiUe Soci6ti6 O^logique du *Nord. 

Pisa Sociata Toscana di Scienze Natnrali. 

Jiio d$ Janeiro , . . .Museu Nadonal. 
St. Petersburg . . . . Acad^mie Imperial. 
Hirin Academie Royale. 

YII. — SdENTIFIC JOTTBITALS, &C. 

Geological Magaziney Geological Record^ Mining Journal^ CoUisrf^^ 
ChMfdian, Iron and Coal ISrades Review, 
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EXCURSION TO LIVERPOOL AND THE MERSEY 

CHANNEL TUNNEL. 



On Wednesday, the 12t]i September, the members of the 
Society, accompanied by a number of gentlemen of the 
North Staffordshire Institute of Mining Engineers, had a 
most enjoyable excursion to Liverpool. The primary object 
was to make an inspection of the Mersey Tunnel "Works, in 
connection with the railway which is about to be constructed 
between Liverpool and Birkenhead, and to see the boring 
machine invented by Colonel Beaumont in operation in the 
drainage level. They proceeded to Birkenhead, and were 
courteously received by Colonel Beaumont and other 
gentlemen connected with the imdertaking, and provision 
was made for a descent to the level, where the machine 
was at work, by as many as could be accommodated within 
the time which was at the disposal of the party. A 
considerable number who were unprovided with the 
necessary equipment in the shape of waterproof clothing 
contented themselves with an inspection of the drier 
workings of the tunnel, through which, when the work 
is completed and the railway open, the traffic will pass. 
In this tunnel the work is carried on by the aid of the 
electric light. The party in their explorations had the 
advantage of the guidance of Mr. Davidson and othera 
in the service of the contractor, Mr. Waddell. 

Before the descent was made Colonel Beaumont gave 
some explanation of the work, of the machinery in use, 
and of the progress which had been made in cutting the 
tunnel up to the date of the visit. The headings of the 
tunnel, imder the river, it was expected would be completed 
shortly after Christmas. Six himdred yards remained to be 
cut, and this would be done at the rate of 150 yards per 
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montliy the boring macliine drilling 120^ and hand labour at 
least 30 yards. The tunnel descends at a gradient of about 
one in 30 from the Liverpool and Birkenhead sides respec- 
tively, to near the centre of the river, where, for a space of 
550 yards, the tunnel is practically level, the gradient being 
only one in 900. The drainage level reaches either end of 
this level portion, and serves to dry the tunnel by taking the 
water from the points of intersection with the tunnel to the 
pumping stations on the Lancashire and Cheshire sides. 
Those visiting the drainage heading were therefore lowered 
to a greater depth than those who entered the tunnel. On 
both sides of the river access is gained to the tunnel and 
drainage heading by separate shafts. The drainage shafts 
are fitted with powerful pumps worked by two compound 
di£ferential direct acting engines, made by Messrs. Hathome, 
Davey & Co., of Leeds, each of about 400 indicated horse- 
power. There are two lifts, each 30 inches diameter and 
8ft. stroke, making seven strokes per minute. The engines 
are supplied with steam by a set of Adamson's boilers, five 
in number. At the date of the visit water was being raised 
at the rate of about 3,500 gallons at Liverpool and Birken- 
head respectively; but it was explained that, in view of 
the possibility of more water being foimd, and also to put 
the imdertaking in a perfectly safe position as to pumping 
power, new pumps were in course of construction which 
alone would be capable of dealing with about two and a 
half times the volume of water now being lifted. There 
would thus be a pumping power sufficient to deal with from 
10,000 to 15,000 gallons per minute, on either side of the -* 
river. The distance across the river from quay to quay is -a 
1,232 yards. On the Liverpool side the drainage heading--^ 
was being driven by hand, and a distance of 210 ya 
had been completed, while on the Birkenhead side th< 
drainage heading was being made by Colonel Beaumont'i 
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machine^ wMcli had reached a distanoe of 420 yards under 

the river. It was calculated that, if the rate of progress 

then observed was maintained^ the centre of the river would 

be reached before the end of October. The tunnel had 

been completed^ ready to receive the ballast and rails for a 

distance of 650 yards on the Liverpool side, and 800 yards 

on the Birkenhead side, including the construction of the 

stations at James' street and Hamilton square. On the 

Liverpool side, where the drainage heading is being driven 

by handj a brick lining is used with the view of excluding 

the water, which is tapped on that side more freely than it 

is at Birkexihead, owing to the work being shaken by the 

explosives used. The lining is a complete barrel of brick 

work, in cement, imdemeath which is put an 18 inch cast 

iron main f or^the purpose of relieving the heading of the 

Water while the brick work is being constructed. The 

three outer rings are red bricks, and inside them are three 

Jinga of best blue bricks. On the Birkenhead side, as 

^ready stated, the heading, which is 7ft. 2in. in diameter, 

is didven by Colonel Beaumont's machine. The machine cuts 

the rock, without the use of explosives, and leaves a clean 

side, similar to the bore of a gun, the water not interfering 

"^itli the operation of boring. About ten days prior to the 

^K^embers' visit the machine passed from the drainage 

l^eading into the tunnel, the bottom heading of which it was 

"tJien driving. The machine is driven by compressed air,^ 

^>ipplied by engines . of ordinary construction, situated in 

'feUie yard .of the works. The air pressure, when the 

^^^lachine is at work, is 36 pounds to the square inch, which 

iis> taken' to the front in cast iron pipes, four inches in 

^^aineter^ The supply of air necessary to work the boring 

Xjoachiiie i^ found amply sufficient to keep the heading in a 

X^roper state of ventilation, and this no matter at what dis- 

l^ance the boring machine may be from the surface. The air 

in the heading of the Channel Tunnel, when the boring 
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machine was 2^000 yards from the shaft, was perfectly 
fresh. The machine at work on the Mersey Tunnel is 
similar to that which was used on the French side of the 
Channel Tunnel works, but certain modifications have been 
introduced, rendered necessary by the different character of 
the material to be operated on. 

The machine consists, speaking generally, of a very power- 
ful cutter head, made of cast iron, which carries the chilled 
disc cast iron cutters used to operate on the rock. This bore- 
head is attached to a steel shaft 12 inches in diameter, which, 
by suitable wheel work, is driven at the rate of from one to one 
and a half revolutions per minute by a pair of 12-inch air 
cylinders, the normal piston speed of which is 300 ft. 
per minute. The whole of the gear necessary for the above 
operations is carried on a cast iron bed plate which slides 
on longitudinal guides formed by the upper surface of the 
wrought iron bed resting on the bottom of the tunnel. The 
connection between the upper and lower beds is by means 
of a screw with a three-eighths pitch, which is driven by 
the air engine. The operation of boring consists in arming 
the bore-head with the cutters ; the air keeping the engine 
at work causes the bore-head to be revolved againdt the rock 
and kept steadily pressed forward with a dead pressure due 
to the action of the screw at the rate of three-eighths of an 
inch per revolution. After about one foot has been thus 
cut the machine is drawn back on the bed, and the cutters 
are turned round to present fresh cutting edges. The 
operation is then recommenced, and after the cutters are 
worn out they are replaced by others, the old cutters being 
recast. The screw will admit of an advance of four feet 
without moving the lower bed, after which the upper bed is 
lifted by means of jacks, carrying the lower bed with it. 
The action of the screw is reversed ; the lower bed is slid 
forward under the upper, and the jack screws are released; 
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after wliicli the macliiiie is in a position to recommence 
operations. The debris cut by the tools falls to the bottom 
of the heading, whence it is passed into an endless series of 
buckets, which take it underneath the machine, and 
deliver it into wagons at the back. 

Many previous attempts have been made to produce 

macliiiies which would enable galleries to be driyen without 

the use of explosions, but it is claimed for CoL Beaumont's 

machine that it is the first which has succeeded in practice. 

It is based on the principle of cutting the rock at a slow 

speed and with enormous pressure ; whereas most inventors 

before have considered that the harder the rock the greater 

vas the necessity for taking a light cut, and consequently 

speeding their tools at a higher rate. Col. Beaumont's 

method of dealing with the rock is exactly analogous to the 

ordinary practice in our workshops, where the harder the 

material requiring to be operated upon the slower must be 

the speed of the tooL The limit of speed with Col. 

Beaumont's machine depends entirely on the cutters. If 

more than one and a half revolutions per minute were 

attempted to be given in rock such as the red sandstone 

which is met with in the Mersey timnel borings the heat 

8®iierated from the work done would be more than could be 

^'^sorbed, and consequently the temperature of the tool 

^^uld increase to such an extent as to make it lose its 

*®^per rapidly. Water is, by means of jets, introduced on 

^ the cutters ; but owing to the dirt they cut it is found 

^*^cult to get the water to play upon the actual cutting 

^^e. When better arrangements are made. Col. Beaumont 

^ of opinion that the speed which is now got will be 

cottBiderably increased. 

Tte rock at Liverpool was, at the date of the visit, being 
^^^ at the rate of five feet per eight hour shift, or say 30 
yaar^ per week. It was anticipated with some confidence that 
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this speed would be eyentually increased to one foot per hour- 



say eight feet per day. The members saw the rock cut at i^ a 
greater speed than this; the reason why the average waft^fl^as 
reduced being due to certain mechanical defects in th».^=Che 
details of the machine at work, which defects would h^^dT be 
remedied in other machinery then under construction. Th^^dnw 
machine employed at Birkenhead had been tried upon tht^^zEcilu 
hard sandstone of the Woodhead tunnel, on the Mancheste]K:^^^;6r 
Sheffield, and Lincolnshire Railway, where it was antic£^^jici< 
pated it would eventually be employed in duplicating thcf cMlie 
existing tunnel. It was foimd that the cutters cut thcf^Sfche 
rock satisfactorily, but, owing to its being so much hard^ JEiIer 
than the red sandstone, a more powerful machine will bF he 
needed. There would appear to be a large field open f»^Bfor 
the employment of the machine, if the anticipations of tlzK ^he 
inventor are realised, and it is foimd possible to cut tbKI lie 
harder kinds of rock with it. The importance of doiTW — "^g 
away with the use of explosions from stone drifts in co^kz)]- 
lieries need hardly be pointed out, especially in oases whem=re 
the presence of fire damp is apprehended. The machixrine 
weighs about 30 tons, the weight being necessary to enaW-Je 
a sufficient amoimt of strength to be given to the vario^tJS 
parts to stand the enormous strains which are put upc^^^ 
them. The power required to drive the machine is abo«:^* 
100 horse on the surface, one- third of which is utilised do^w^^"^ 
below. The size of the machine and its weight would pn 
elude its employment except in cases where galleries of U" 
less than from 700 to 800 yards have to be driven — ^unlei^^* 
indeed, the question of the use of explosives has to be co*^^' 
sidered. In a coUiery where engine coal has a low valw-^j 
the amount of horse power consumed by the machine ^^ 
obviously of comparatively small importance. 

Col. Beaumont further explained that the red sandstox^.^ 
rock is almost impervious to water. The water that ent^x^ 
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the drainage heading percolates through joints in the rock. 

The strata— which are in the pebble beds of the Triassic 

formation — ^lie at an angle of about one in six, the dip being 

from Birkenhead towards Liverpool. It might be expected 

tliat the joints, where any exist, would be filled with clay. 

This to a certain extent, no doubt, is so. In some places the 

joints are closed, and the water has no access ; but in other 

places, where the closure is only partial, water is freely 

.admitted. The small quantity of water entering the tunnel 

frx)m under the Mersey is salt ; and it was curious to note 

tlxat the wettest portions of the tunnel were those which 

^ere under the land. 

The members were further informed that operations had 

been in progress at the tunnel for the last eighteen months. 

X^he upper tunnel was 90 feet below the surface ; it would be 

26 feet wide by 20 feet above rail level when completed 

a-nd opened for traffic. Between the top of the tunnel and 

the bottom of the river there will be 35 feet of solid rock, 

a^ad above that 60 feet of water at low tide and 80 feet 

at high tide. The pump, on either side of the river, is 

a.lK)ut 80 feet below the bottom of the tunnel. 

Saving completed their inspection of the tunnel works 

^e party made their way, in conveyances, to the Alexandra 

E>ock, where the eplendid Guion Line steamer Alaska was 

lying taking in cargo preparatory to her next voyage 

across the Atlantic. Through the courtesy of the owners 

of the vessel the party were shown over her and supplied 

^th refreshments. After this the shipbuilding works at 

Birkenhead belonging to Messrs. Laird Brothers were 

visited, and the party had the privilege of inspecting the 

engineering and other workshops, and also of seeing several 

toe Tessels in course of construction. 

In the evening the members assembled at the Seacombe 
Hotel, and sat down to dinner— Mr. John Aitken, President 
^^ the Society, in the chair. 
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After the usual lojal toasts had been duly honoured^ 

The Chairman gave the health of Colonel Beaumont ac 
those gentlemen who allowed the members to visit their worfa 
Colonel Beaumont's machine, as they knew, had perfomk^ 
important work not only in the Mersey Tunnel, but in ti 
Channel Timnel also ; and he believed the inventor had f^ 
confidence that if it was set to do even harder work tlm. 
that on which it was now engaged it would be equal to ^ 
task. The present age might be called the age of tunix* 
making and canal-cutting. There were now five or t 
schemes before the world for the construction of ship csldjsl 
There were the Suez Canal, the Panama Canal, tj 
Euphrates Canal, and — not least among the number — ti 
Manchester Ship Canal ; and he saw from the newspaper 
that a project was mooted for connecting the Solway Friti 
with the Tyne by means of a ship canal. Then, as regarded 
tunnels, these perhaps more directly interested them, having 
visited one of those great undertakings during the day. 
The Alps had been penetrated. At present there were two 
railways through that great range of mountains, and the 
construction of another was contemplated. They had also 
the Channel and Mersey Tunnels, besides others which were 
projected in various quarters. They might, therefore, 
appropriately describe this as an age of tunnel and canal 
cutting. The Chairman concluded by again acknowledging 
the kindness of the gentlemen who had ministered to the 
gratification of the visitors during the day. 

Colonel Beaumont responded. He said : With reference 
to myself Mr. "Waddell and Mr. Prentice, with whom I 
have been more intimately connected, I need hardly say 
for each of us that we have been glad to welcome so dis- 
tinguished a company of visitors. Mr. "Waddell is a con- 
tractor of considerable eminence, who brings a large amoun* 
of skill and ability to bear upon the somewhat difficult tasks 
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which he takes in hand, and this Mersey Tunnel is perhaps 
as difficult a one and as original a piece of work as lie has 
had to cope with. His representative, Mr. Prentice, very 
energetically carries out the various duties that are entrusted 
to him. With reference to the importance of the work 
itself, you, gentlemen, have had perfect opportunity of 
judging. I have no hesitation, however, for myself, in say- 
ing that the work of piercing a tunnel under the Mersey is 
practically now an assured fact. Some year and a half ago, 
when the work was commenced, there were many who 
thought that water would come in, that there would be 
trouble with the strata, and a variety of other difficulties 
to he contended with ; all of which, I am glad to say, have 
no existence. Curiously enough the driest part of the 
strata we have penetrated is that portion which lies under 
the river. I leave geologists to say why that should be ; 
but my explanation, given with hesitation as knowing little 
about scientific geology, is that the rock itself is impervious, 
and the only danger to be apprehended from water is from 
such as may percolate through the crevices. No crevices 
fixist which would connect the river with the tunnel ; but 
crevices do exist connecting the beds of rock through which 
the tunnel has passed with the land on the Birkenhead side ; 
that is to say, that the inclination of the strata is from Birken- 
head towards Liverpool ; and the whole infiltration of water 
that we have to deal with is due to the water which finds 
Its Way through the inclined cracks in the strata. Conse- 
quently, the possibility of accomplishing this great work 
turns now entirely upon whether there does or does not 
exist a fissure in the strata so great as to form a direct 
communication between the waters of the Mersey and the 

tunnel underneath. Nobody can say, until the first heading 

• 

^ put through, whether such a fissure does or does not 
®^t; but all the evidence that we have points to the 
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probability of the rock continuing, in what remains tc 
be done, similar in character to that which has alreadj 
been perforated. I heard to-day what a little surprised me 
that the captain of the Alaska, whom you visited, wa 
alarmed because he heard a shot which was fired in th_ 
tunnel below him. A comparatively small explosiv 
charge, fired under the bed of the river, so shook tl^ 
strata and communicated its motion to the water as fe 
make itself decidedly felt by the captain of the Alaska 
That it was an undesirable thing to blast so near the b^ 
of the river I had no doubt ; but that my judgment shoul] 
have received to-day so complete a vindication I really d^ 
not anticipate ; it seems to me certainly to point to this, th.^ 
any system by which the tunnel can be completed withoi 
the use of explosives must at any rate — ^putting otLi.4 
questions aside — commend itself as the prudent course to tak: 
An experitnent has been made in the hard sandstone of iih 
Woodhead Tunnel, on the Manchester, Sheffield, and Lincoln 
shire Railway, which it is proposed to double, and ±1n 
result of that experiment was to show that the cutters could 
deal with the rock perfectly — that there would be no diffi- 
culty in cutting rock of that hardness; but that tie 
machine, which you have to-day seen, was insufficiently 
strong. It therefore becomes a question merisly of con- 
structing a machine of sufficient strength. When that has 
been done — and it shortly will be done — the question will 
have been solved whether it is practicable to use tKese 
machines in collieries and in driving stone drifts of » 
similar character. I venture to think that if this machine 
results in enabling dynamite and explosives to be dispensed 
with in the driving of long drifts in collieries, the inven- 
tion will have considerable importance, especially in those 
mines where danger from fire damp is to be anticipated. 
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The Ordinakt Mebting of the Members of the Society 
held on Tuesday, the 13th day of November, 1883, in 
tiixe Literary and Philosophical Society's Rooms, George 
Street, Manchester ; 

Edward Pilkington, Esq., J.P., President, 

in the Chair. 



The President, upon taking the chair, said : Grentlemen, 

tile first thing I have to do is to thank you for having 

chosen me as your President for the ensuing year. I am 

sure, if the office had been offered me on account of any 

supposed merits of my own as a geologist, I should have had 

^ refuse it, my acquaintance with geology being, I am 

afraid, contemptible when compared with the reputation of 

some of those who have preceded me. But I have ventured 

to accept the honour more as a miner than a geologist. I 

think that the combination we have in this Society of 

8wl<^ and mining is by no means a bad one. Mining owes 

* great deal to geology, and geology, on the other hand, 

^^es very much to mining. I think we shall all agree upon 

that point. It is, therefore, more as a miner than as a 

geologist, that I have ventured to become your President. I 

nope you will accept me, and show me that forbearance 

^hich I am sure, being so young a President and so ignorant 
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a geologist, I shall require. Our first business will be to p 
a resolution of condolence with the widow and family of 
late Mr. J. F. Seddon, who lost his life by an accid 
shortly after the explosion at Accrington. The Coui 
have met this morning, and have adopted a resolution 
which they express their deep sympathy with the widow, ; 
their admiration of Mr. Seddon as a man who died do 
his duty so nobly. 

Mr. Clegg Liveset said he thought all present would 
acquainted with the circumstances under which Mr. Sedc 
met his death ; and he was sure they would feel that, havi 
been engaged in a work that was arduous and attended wi 
much danger, the event was a peculiarly sad one. T 
members would all sympathise with the resolution he had 
move, which was : — 

" That the members of the Manchester Geological Society tenc 
their sincere sympathy with the widow and family of their C( 
league, the late Mr. J. F. Seddon, in their bereavement, and aJ 
express their high sense of his efforts to preserve the lives of 1 
fellow-men." 

The resolution was unanimously carried, and the He 
Secretaries were instructed to send a copy of it to M 
Seddon. 

NEW MEMBEBS. 



The following gentlemen were duly proposed, and up 
being balloted for were unanimously elected ordinary mei 
bers of the Society : — 

Joseph Crankshaw, Montcliffe, Horwich, near Boltc 
Jonathan Hall, Clifton Hall Collieries, Clifton, ne 

Manchester. 
GrEORGE Henry Peace, Monton Grange, Eccles. 
Frank Murray Still, 3, Queen Street, Cheapri<J 
London. 
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ON THE MARSAUT SAFETY LAMP. 
By Mr. Joseph Dickinson, F.G.S. 



It was through the courtesy of the Institution of Civil 
Engineers that the Author's attention was drawn during the 
recess to a notice of a translation and abstract by Mr. Alfred 
Bache, B.A., Assoc.Inst.C.E., of a Paper on Miners' Safety 
Lamps by Monsieur J. B. Marsaut, Engineer-in-Chief of the 
Bess^ges Collieries, Gard, in the South of France ; and it is 
through the kindness of M. Marsaut himself that one of his 
safety lamps, made by Messrs. Mulkay fr^res, 21, Eue 
Bouleau, Li^e, Belgium, is now exhibited. 

The Marsaut safety lamp in its present improved form is 
in general shape and construction similar to the Mueseler, 
but the small horizontal disc or annular diaphragm of gauze, 
which supports the chimney in the Mueseler, is done away 
with, and it and the chimney are replaced by an inner 
vertical gauze in the Marsaut and the entire double gauze is 
shielded by an external sheet-iron casing, having inlet holes 
helow the bottom for air to enter the lamp, and outlet 
apertures at the top. 

Additional safety can be secured by further covering the 
flat top or cap of the inner gauze with a gauze hood, so as to 
double the thickness of gauze at that part upon which the 
force of an explosion inside the lamp comes most direct, or a 
third complete cylinder of gauze may be added, if desired, as 
^ extra precaution ; but two cylinders are considered safe 
enough, and are preferred generally. 

The lamp is 9 J inches high. It unscrews at two places, 
forming a bottom part SA inches broad by Hi inches high, 
a middle part, or cage, the same breadth by 2\i inches 
%b[) and a top part 5 inches high. 
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The bottom part has the reservoir for oil, which terminate 
I of an inch from the base, and leaves space for the low^ 
end of the pricker ; and there is a flat wick, and a scr^ 
lock. 

The middle part is the cage, into which the glass and gau^ 
are fitted. The upper rim is connected to the lower by- 
uprights, which also protect the glass, each being about t 
inch in diameter ; and in the upper rim there are 18 vertical ai 
holes, each -A- inch in diameter, to allow air to pass into 
horizontal inlets between the top and middle parts of the 
lamp. Fitting into the inside of this cage, and resting upon 
the oil reservoir, is the glass, surmounted by two wire gauze 
cylinders. The glass is 2tV inches high by 2iV inches 
in diameter, and -A^ inch in thickness. The bottom of the 
glass fits into a brass ring, with a base and side ; and the top 
of the glass, rests against 2 flat or expanding iron washers, 
which support the gauzes above the glass, the junctions 
being encased in copper caps, which fit inside of a rim that 
forms part of the cage. The gauze cylinders have a mesh of 
934 holes per square inch, or 30^ per lineal inch (the "Davy" 
being, respectively, 784 and 28), and each gauze cylinder has 
a gauze top. The outer gauze cylinder is 4^ inches high, 
and the diameter 2-iV at the bottom and Itt at the 
top. The inner gauze cylinder is J inch shorter; and it 
tapers a little from the outer one upwards, so as to leave a 
space of about A inch all round at the top, or enough to 
admit of the inner gauze and its projecting cap being drawn 
easily out of the outer gauze. Each gauze has a copper ring 
both at the inside and outside of the gauze at the bottom! 
and underneath are the two washers which rest upon the glass. 

The top part of the lamp consists of a sheet iron casing 
with a sheet iron cap, which is fixed to an outer rim at th< 
bottom, the height of the whole being 5 inches. The iioc 
casing is 2H inches in diameter at the bottoiii and 2A *^ 



.1 

V 



187 

the top, and it has 9 outlet apertures oval at the bottom, 
and each half an inch wide and -iV high. The bottom rim 
has six projections, which rest upon the upper rim of the 
middle part of the lamp, so as to leave six side inlets for air ; 
each of these inlets is 1 iS inches long by A high, and they 
are all open to the 18 vertical air holes which are below, in 
the top rim of the middle part of the lamp. Inside this 
bottom rim, with a space A inch wide between, is a crown 
which is &stened to the outer rim at six places. This crown 
serves for screwing the top to the middle part of the 
lamp, and also for directing the inlet air upwards in a line 
with the outside of the outer gauze, which, with the sheet 
iron casing, prevents entirely any air impinging upon the 
gauze. 

The advantages claimed for the Marsaut lamp are that it 
seldom goes out when tilted, and not at all in an upward 
current of air, nor does it explode externally a strong current 
of gas blowing upon it in any direction whatever. It does 
iiot fire an explosive stiU mixture of air and lighting gas, as 
tas been proved by upwards of twelve thousand trials at 
Bess^ges, when most of the other lamps in use did so, the 
Belgian Mueseler included. The outside casing effectually 
I^tects the gauze from getting injured, clogged with dust, 
^r splashed ; and whenever the lamp explodes inside, the 
casing retards the escape of the burnt gases, which thus help 
^ put the lamp out. By covering the outlet holes in the 
casing, the lamp can readily be put out whenever desired. 

The only inconvenience noted by the French Fire-damp 
Commission, in 1882, when recording their high comnaenda- 
tion of the Marsaut lamp, was that the sheet-iron casing 
prevents its being seen at a glance whether the lamp is all in 
proper order inside. Both gauzes, however, can be taken out, 
and all parts of the lamp can be examined separately. 

^^ the trials made of the Marsaut lamp at Bess^ges, an 
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explosive mixture was employed of air and of lighting ga— 
which latter fires more readily than fire-damp ; and the wics 
being reduced below its usual flame, the conditions were thi_j 
more trjring than are met with underground. With thr^ 
forms of the Marsaut lamp, testing two lamps of each fonn 
upwards of six thousand trials failed to produce a singg 
external explosion, whereas fifteen Belgian Mueselers, test^ 
simultaneously, each of them about a hundred times over,M^ 
the flame pass through the horizontal gauze diaphragm in ^ 
per cent, of the trials, and in 2 J per cent, produced explosio 
outside the lamp. 

Still severer trials were also made, by mixing air with 
lighting gas in their most highly explosive proportions, and 
exploding the still mixture inside the lamps by an electric 
spark. Under this excessive test, the large Davy lamp used 
in the Q-ard district exploded the mixture outside it every 
time; the Boty, Clanny, and Belgian Mueseler, and the 
Marsaut lamp with two gauze cylinders, almost every time ; 
but twelve trials of the Marsaut with three gauzes, and ten 
of the fire-trier's Davy, gave not a single explosion outside. 
These tests, and the one preceding, point immistakably to 
the desirability of reducing to the utmost both the total 
internal volume of a safety lamp, and also the height of th© 
glass, since the blind space inclosed by the glass acts like a- 
cannon in propelling the inside explosion violently against 
the gauze, and so driving the flame out through it. Th© 
great effect which the height of the wick in the glass has was 
proved by these experiments, a variation of less than 0*4 inch 
in the Boty lamp being sufficient to produce or prevent ex- 
plosion outside. The trials also show that, the Davy of 
small diameter, still used in England by the fire-trier, but 
abandoned in the Anzin and Bess^ges collieries, presents ina* 
portant advantages, and if sufficiently protected against 
strong currents would possess a high degree of safety. 
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Investigatmg experimentally the mesh and ihape of the 
wiie-ganze cylinder, M. Marsaut concludes that, for the 
same total area of apertures per square inch, gauze of finer 
mesh is safer than a coarser and heavier make. The lamp 
should he made inside as nearly cylindrical as possible 
throughout its entire height ; and in particular the bottom 
of the gauze should be flush with the inner circumference of 
the glass. Any narrowing at this part, by the insertion of a 
horizontal annular diaphragm projecting inwards, or by con- 
taracting the gauze cylinder to a smaller diameter than the 
glass, is objectionable : doubtless because the explosive 
nmture inside the lamp gets thereby so churned up as to 
augment enormously the rapidity with which it explodes,. 
enabling the flame consequently to pass out through the 
gauze. 

The comparative lighting power of the various lamps tried 
by M. Marsaut was found to be as follows : — 

English Standard Sperm Candle of six to the pound, 
burning 120 grains per hour, being 100 — 



1. Westphalian ... 77 

2. Boty 72 

3. Westphalian ... 70 
4- Marsaut 69 

5. Williamson. ... 56 

6. Thomas 53 

7- Clanny 52 



8. Mueseler, Belgian . 49 

9. „ English . 44 

10. Bainbridge ... 39 

11. Davy, Dubrulle. 32 

12. „ Ghurd . . 22 

13. „ Newcastle 20 

14. Stephenson ... 17 



In the Westphalian lamps, Nos. 1 and 3, the air inlet is 
^ugh a collar of perforated 8heet>-iron all roimd the neck, 
Wow the bottom of the glass ; No. 3 was protected by the 
Edition of a layer of wire-gauze inside the perforated collar, 
"ttt No. 1 was without this protection. 

The lighting power seems to depend partly upon the metal 
^' which the lamps are made, a brass lamp being found to 
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give only 70 per cent, of the light obtained from the san 
make in wrought iron. The difference is no doubt connect< 
with heat-conducting capacity. English lamps are general 
made of brass, and Grerman of wrought iron. M. Marsa 
is inclined to think steel, or perhaps malleable cast iro 
would be advantageous. 

Ten years ago M. Marsaut's own experiments led him 
modify the Mueseler lamp, by discarding the diaphrag 
while retaining the chimney; a sheet-iron casing was al 
added outside the gauze cylinder, to prevent flame frc 
passing outwards through it when exposed to a current of fb 
damp ; and a moveable ring was fitted round the circle of t 
air-inlets, for closing them all simultaneously so as 
extinguish the lamp. 

Eenewing his efforts at improvement, M. Marsaut lately € 
tered upon a further extensive series of experiments at Bess6g< 
He tried numerous safety-lamps, of which the following is 
bare enumeration : — The Mueseler, of Belgian and of Englis 
pattern, with several other varieties ; the original Marsau 
lamp of 1871, and several varieties of its present improve 
construction ; the Davy, of Newcastle ; Gard, and Dubrull 
patterns, the fire-trier's, and the "tin-can *' ; the Stephenson 
Williamson, Clanny, Bainbridge, Evan Thomas, Upton an< 
Eoberts, Birckel, Boty, Westphalian under two fonn£ 
Eosenkrantz, Combes, and Cosset-Dubrulle. 

The practical conclusions derived from these experiment 
are summarised as follows. With the large Davy lamp use< 
in the Grard district, and with other lamps of the same kind 
an explosive still atmosphere outside is fired by an explosioi 
inside the lamp. The addition of a second gaUze cylinde 
to these lamps diminishes considerably the frequency of out 
side explosions, but is powerless to prevent them. The flaitt' 
seems to pass out through the cap of the gauze cylindei 
rather than elsewhere ; whence it is well to add another lay® 



or two of gauze at this weak part. The outside atmosphere 
is more readily fired by explosion within a lamp in which the 
wick is burning low ; the prevalent practice of lowering the 
wick oh encoimtering fire-damp is consequently objection- 
able ; it is better to remove the lamp slowly, keeping the 
wick at its usual height. Large lamps are more dangerous 
than small ones, because the volume of explosive mixture they 
contain incresises as the cube of their size, whilst the area of 
gauze or of outlet for the flame to pass through increases as 
the square only. The glass cylinder in the Mueseler and 
other lamps, though giving a better light, renders the ex- 
plosion inside more violent, because the explosive mixture is 
thereby more confined, so that the lamp becomes a sort of 
minature cannon ; the glass should therefore be kept as small 
as possible, particularly in height. The Belgian Mueseler, 
considered the safest lamp in use hitherto, sometimes ex- 
plodes a still atmosphere of fire-damp outside it. Lamps with 
glasses are dangerous when the wick bums low, for the same 
reason as the Davy ; in the Mueseler particulai-ly the flame 
can then more readily pass up through the chimney, and so 
get to the upper side of the gauze diaphragm. The plan 
long in vogue at the Bess^es, of ascertaining the presence of 
fire-damp by measuring the elongation of the lamp's full 
flame, is safer than reducing the flame to the utmost for the 
purpose of seeing the blue cap of gas better ; the elongation 
o^the flame is almost always a suflBcient indication. When 
* glass lamp is lifted up into an explosive atmosphere, it 
should be held there steadily till it goes out, especially in 
the case of lamps having their air-inlet at top ; instead of 
heing immediately withdrawn again, as would intuitively be 
done either through fear or to keep it alight ; for a downward 
niovement seems to have the effect of churning the gas 
Inside the gauze, and so rendering its explosion more violent 
^d thereby more dangerous. It is particularly dangerous 
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for a lamp to get suddenly filled with explosive mixture by 
current blowing the flame against one side, or for the la 
itself to be tilted in such an atmosphere ; any arrangeme^ 
for checking undue access of gas to the lamp is a safegu 
The whole of the air-inlets should be protected by at leastn-' 
double layer of wire-gauze, even in the Mueseler lamp wi 
its chimney, which latter does not always isolate the flam 
then, if the inner gauze ever gets red-hot, the outer still 
as a protection. The confined space inside a lamp should 
kept as small as possible ; but the gauze, which cools do 
the gases passing out through it when the lamp explod 
inside, should present as large an extent of sm*£EU3e as can 
hence lamps are not to be relied on which have a tall glsLss 
surmounted by a dwarf gauze, such as the big Cosset-Dub- 
rulle, the Bainbridge, and others like them. Lamps should 
be made of as small diameter as possible, and should carry as 
large a flame as they can without getting too hot ; the aim 
should be to make a lamp as much as possible like a mere 
chimney. In glass lamps with air-inlet at the top, the 
wick-holder should be tall enough to raise the flame as 
high as can be inside the glass ; a neutral space is thus leftii^ 
the bottom of the lamp, whereby the force of an explosioia- 
within the lamp is mitigated. A chinmey in a lamp i^ 
attended with more or less risk. The slightest modificatioi^ 
in form or arrangement of a lamp may make a considerable 
difference in its safety. 

The Author may observe that M. Marsaut's condusioa^ 
that the elongation of the flame is almost always a sufficieii'*^ 
indication of gas, without allowing the gas to explode iJC^ 
the lamp, and that no lamp should be withdrawn qmcEy 
when testing, are in accordance with careful practice; ta* 
that his deduction that testing for fire-damp with the 
lamp's full flame, and judging only by the elongation of 
the full flame, is safer than by reducing the flame to th<* 
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-tmost, for the purpose of seeing the blue cap of gas better, 
dJl be a surprise to many persons. The latter, however, is 
xpported by M. Marsaut's reasoning that lamps should be 
F as small diameter as possible, and should carry as large 
flame as they can without getting too hot, the aim being 
> make the lamp as much as possible into a mere chimney, 
ith proper arrangements for checking undue access of gas. 

Both the Smethurst and the Ashworth safety lamp, which 
ere brought by the Author before this Society during last 
3ssion, have an external sheet-iron casing to protect the 
u^ze, like the Marsaut. The principle of such a casing, 
o-^ever, the great value of which in point of safety is now 
©coining fiilly recognised, is not new, it having been intro- 
uced more than a quarter of a century ago by M. Eloin in 
^o lamp which bears his name. 

It is incidentally mentioned by M. Marsaut that, in the 
^vme of the experiments, it was demonstrated that the 
Metric spark is essentially dangerous in fiery mines, which 
^ould be borne in mind in any attempts to introduce 
Metric lighting in colliery workings. 

Since this Paper was read before this Society the Author, 
^ough the kindness of Mr. J. T. Green, manager of Celynen 
^llieiy, Monmouthshire, on the 27th November, had the 
^isaut safety lamp tested on the apparatus there, by putting 
^ lamp into the tube or pipe and exposing it to quick and 
*^ng currents of an explosive mixture, of lighting gas ; 
^j:ly all the six series of tests being made three times, with 
^ following results : — 

^8t Teats. — The Marsaut lamp, as sent by M. Marsaut and 

described in the paper, went out, but gas continued 

timing under the gauze. A Celynen Mueseler lamp, tested 

"the same time, went out entirely. The Celynen has a 
ield about 2 inches in depth aroimd the bottom of the 
^vize cylinder, resting on the top ring over the glass, and 
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has also a strip of tinned iron, about J inch broad, strapp 
round the part of the chimney close to the underside of • 
gauze disc or diaphragm, which strip projects A inch at a 
side, to prevent gas burning underneath the disc in explosJ 
currents, as described in Mr. Green's paper read before tZ] 
Society in February, 1883. 

Snd Tests. — The Marsaut, with the addition of a^ strip 
tin plate about J inch in width, placed from the top to fc 
bottom against the inner side of the inner gauze cylind- 
the lamp went out as before, but gas continued bumL 
under the gauze as before. The Celynen Mueseler went a 
entirely. 

3rd Tests. — The Marsaut, with the addition of a strip 
safety lamp gauze dividing entirely the inner gauze cylinc 
from top to bottom, the lamp went out, but gas continu 
burning under the gauze, as before. The Celynen Muesel 
went outu entirely. 

4th Tests. — The Marsaut, with the addition of a thi 
gauze cylinder placed outside the two other gauzes, the Ian 
went out, but gas continued burning xmder the gauze 
before. The Celynen Mueseler divested of its gauze cylindt 
but in other respects as before, went out entirely. 

6th Tests. — The Marsaut, with the outlet apertures at tl 
top of the outer casing so covered as only to admit of tl 
lamp burning freely, went out, but gas continued bumir 
under the gauze as before. The Celynen Mueseler and a 
Evan Thomas lamp went out entirely. 

6th Tests. — The Marsaut, with the outlet apertures covere 
as in No. 6 tests, and with all the side inlet holes covers 
and also with about one half of the inlet space at the top < 
the crown or inner rim covered — all the air having to con 
up the vertical holes, and just enough air allowed for tl: 
lamp to bum brightly — the lamp went out, and then wit 
one flash of gas under the gauze it went out entirely. Th 
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lynen Mueseler and the Evan Thomas also went out entirely, 
is was repeated three times with the same results. 
A.hout twenty tests were made. In none of them did gas 
3 outside the Marsaut ; but in those tests where gas con- 
Lued burning underneath the gauze, and where it so burned 

about half a minute without going out, it seems probable 
%t it would have fired through if the test had been con- 
Lued long enough. 

These tests, which the Author saw made, show indisputably 
i.t if the Marsaut lamp is to be used where it may be 
posed to a current of explosive gas, a change in the con- 
uction will be required. M. Marsaut has tried a moveable 
g for closing the air apertures, so as to extinguish the 
ap. A ring for this purpose would enable a person in an 
ergency to extinguish entirely the lamp as at present con- 
ucted ; but unless he closed the apertures gas would still 
itinue burning underneath the gauze, and might fire 
•ough eventually in an explosive current. To be safe, there- 
e, and independent of any such closing having to be done in 

emergency the lamp should be self-extinguishing. To 
sure this, the experiments, which the Author saw made, show 
^t the inlet and outlet apertures should be only so large as 
admit of the lamp burning freely, and that apparently the 
lole of the inlet should be up the vertical holes, without 
y through the side inlets ; and that the outer casing should 
t be removable, as it is now, but should be fixed either to 
- cage or be locked. The lamp with the size of the inlet 
i outlet apertures thus limited loses some of its advantages. 
at first bums dimly if the casing is put on cold, but that 
Overcome in a few moments as the casing becomes wanned. 
e light then given is good, but not quite equal to that 
^h the large apertures ; and it goes out more readily when 
^. Apparently some drawback of this kind is in- 
^arable from a good and safe lamp. 




Based upon these trials, a lamp on the Marsaut principl 
but with smaller inlet and outlet air apertures, and with t 
outer casing fixed to the cage, has now been made by M^ 
Teale for Mr. Macalpine, with the view of such a lamp bein 
used in the Altham Colliery, and it has been kindly tester 
by Mr. J. T. Green on the apparatus at Celynen Collier^" 
Mr, Green, on the 12 th December, reports as follows : — " 
have severely tested the lamp, and find that while there 
sufficient ventilation, it goes out quickly in sharp curre 
of gas and air, and, in fact, acts in a satis&ctory manner, 
see one objection to the casing being Juced to the lamp, 
it is this. Occasionally we find that in pushing the gau^L ^si 
up home the bottom flange of same becomes a little (Ltm- «- 
placed. In the present modified form this could not 
observed, and I think a valuable addition would be made 
the lamp by fixing a male and female screw on ring m^'wn^^ 
bottom of case respectively, so that an inspection of "ti^i^^e 
gauzes may be obtained after they are up i/n, thei/r pUu^^^^i 
by simply unscrewing the case and pushing it upwards.** 



THE USE OF LIME CAETEIDGES AS A MEANS 

BEEAKING DOWN COAL. 

By Frank M. Still. 



It is the object of the writer of this paper to give a bjri^^ 
description of a method of breaking down or getting coal^ ^J 
means of lime, invented by Messrs. Sebastian Smith &X^^ 
Moore, of the Shipley Collieries, Derbyshire. 

The consideration and study of explosives is, perhaps^ ^ 
all things, most worthy the attention of those connected wi*' 
mining coal, and it is, at the present time, the more ^^ 
owing to the increased necessity for economy in working fcb^* 
mineral, and to the feeling there is in favour of the aboli'tx^'^ 
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of explosives, due to the many dangers which only too often 
follow their use. 

In consequence of a serious explosion which occiurred at 
the Shipley Collieries in 1857, resulting in the loss of many 
lives, and much damage to the mine, the use of gunpowder 
was strictly prohibited there, and it was in consequence of 
the very considerable commercial disadvantage at which the 
owner was placed by having to '* wedge," that Messrs. 
Sebastian Smith and Moore commenced their experiments 
with the view of so utilizing the expansive power of lime as 
to render it an efficient agent for breaking down coal. 

The result of their experiments have been most successful, 
'^lie lime system as invented by them having many advan- 
^^geg, among which may be enumerated the following : — 
3. Absolute immunity from danger of explosions of gas. 
2. Greater safety in the working places, as it is unnecessary 
^^^ the workmen to retire whilst the charges are being 
^^loded. 

5. A very much greater percentage of round coal. 

4, Economy of timber, as the roof is in no way effected or 
^l^aken. 

6, It enables the collier to work without the laborious 
Process of breaking down the coal by wedges, and thus 
^^^ables him to avoid the numerous accidents consequent on 
^*^€ir use. 

The Ume cartridges are manufactured in the following 
^^cianner : — 

Nearly pure carbonate of lime is used — that in present use 
^^ntains about 98*40 per cent, of pure carbonate. The 
^tone, after being calcined, is ground to a fine powder, and 
^^mpressed in a hydraulic press (invented by Mr. Sebastian 
Stiiith). The die in which the cartridges are formed, is 2 J 
^ches in diameter and 7 inches in depth. A pressure of 40 
^118 is applied simultaneously to both ends of the colunm of 
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ground lime, which reduces it from 7 to 4^ inches in length 
thus nearly doubling its density. A groove, ^ inch in dis 
meter, is formed in the side of the cartridge, by a projectic=^'Ta 
in the die. The cartridges are then wrapped in paper, pack^^^^d 

in specially constructed air-tight boxes, and are then rea r ^ y 

for use in the mine. 

For drilling the holes, a light boring machine is used ; i'. 
depth, distance apart, and number of the holes varyii 
according to the hardness of the coal, but more particuh 
its " parting " from the roof. It may, however, be stat( 
that the average depth of the hole is 3 feet 6 inches, and 
distance apart 4 feet 6 inches. 

The holes, having been drilled (the time occupied beizB:^^ 
from twelve to twenty minutes), they are charged in ^ Tne 
following manner : — 

The first cartridge having been placed in the back of ^l^e 
hole — groove uppermost, a tube, having six perforations in 
its length (about 4 inches apart), is inserted, and laid in -fct>e 
groove referred to — but not quite to the back ; this being f'O^ 
the purpose of allowing the water to reach the end. Tfa^ 
remaining cartridges are then placed up to the first, and t-b* 
hole is tamped or stemmed up in the usual way — about* ^ 
inches of tamping being used. The charge usually consi^*^^ 
of seven cartridges. The tubes are each covered with a caJi^^ 
bag, to prevent the holes being choked, and are provid^ 
with steam taps. 

After charging the holes, a quantity of water is forced ^^ 
by means of a small hand pump, with a light hose ; the t^P 
at the end of the tube is turned off, and the hose dis- 
connected. 

The generation of steam and expansion of the lime, coi^' 
mences almost immediately the water reaches the cartridge' 
the time taken by the lime to bring down the coal vanes' 
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>rding to the hardness and position of the seam, from 
3en minutes to three-quarters of an hour, 
lie following results of some experiments made on the 
h and 31st October last, at the Norley Colliery, near 
^an, may be of interest; and taken as a fair average of 

cost and advantages that accrue, consequent on the use 
lime as a means of coal*getting. 

rhe tenacity and hardness of the Wigan 5ft., 4ft., and 9ft. 
Qes is so well known in the district that it is unnecessary 

me to refer to them here. 



igan 5 ft. 
6 ft. 
6 ft. 
6 ft. 
4 ft. 



II 
»> 



i} 



Length 


Holing. 


No. 
of 


Face. 




Holes. 


ft. in. 


ft. in. 




10 


6 


2 


30 


4 


4 


12 8 


4 3 


I 


11 6 


8 4 


2 


17 7 


8 6 


2 



Cost of Labour 

and 

Cartridges. 



• 
• 
• 
• 
• 



8. d. 
•1 8 
4 6 

10 

1 10 
1 11 



Coal got. 


ton. cwt. 


6 


17 


9 


16 


6 


19 


6 


16 


7 


7 



Cost 

per 

Ton. 



d. 
2-92 
6-61 
1-68 
3*96 
313 



Average cost per ton, 3*40d. 

■BMABKS. — I understand that in eaoh of these experiments about one-third 
e round coal was produced by the use of the lime than by powder. 

'.n practical every day use I venture to think that this 
mate is excessive, as the only item which is in any way 
oaged by constant use is the drill, and, even as applied to 

Wigan mines, I do not think the blade of the drill would 
blunted to such an extent as to justify an expenditure of 

per hole. 

rhe lime cartridges have lately been tried with some 
cess in breaking down the roof in the gateway, and in 
*bysliire the cartridges are being increasingly used for this 
■pose ; but I may say that the cost of the ripping with the 
e as compared with gunpowder is a little greater, although, 
:)ppo8ed to the wedge, a very great saving is eflfected. 

In the above costs Mr. Longbotham, the manager, has estimated the 
for the use of drillB and other necessary tools at 2d. per hole. 
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It has been stated that the heat produced by the slacking 
of the lime is sufficient to ignite gas, and no doubt this is a^ 
most important point if it were so, but Sir Frederick AbeL^ 
one of the Eoyal Commissioners on Accidents in Mines, ha^ 
after experiments made with the view of ascertaining th_ 
truth of this assertion, expressed himself that this is impo 
sible, since the maximum heat produced by the slacking 
the lime is 700 degrees, whereas it takes a temperature 
no less than 2,000 degrees to ignite gas. 

In conclusion, the writer would venture to express t^ 
opinion, formed after experiments in many of the mines 
the Wigan district, that the lime process is adaptable, a 
would be of advantage to a great number of collieries^ 
consequence of the great saving in round coal that would 
affected by its use ; but the claim which, of all others. 
Patentees put forward with the greatest amount of pride 
that the use of lime as a means of coal-getting carries witfa it 
that all-important fact, absolute immunity from explosions 
of gas, and that fact alone, in the face of the calamities ^^ 
which we read every day, should make the lime syst>oxii 
worthy the attention of all connected with mining coaL 



Mr. Woodward said that Mr. Still in a short space ^^ 
time brought before them many points of considerate!* 
interest. One of the chief ones was in relation to the ssfoty 
of lime, as compared to the use of ordinary explosives. Tb^ 
question, however, was as to the time taken to break do'^^ 
this coal, and whether lime could be depended upon in ^^ 
cases. 

Mr. LONGBOTHAM observed that with regard to the leng** 
of time which the coal took to fall, after a lime cartridge h^ 
been put in and charged with water, it really mattered very 
little, because he assumed the collier, on going into bi^ 
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;e in the morning would withdraw the sprags which had 
a left in over-night and allow the worked coal to fell, and 
tr filling it up would hole his place and nick it in the side, 

afterwards drill and ptt in his shot and sprag his top 
L in order that, during the night, the lime might do 
work. He thought Mr. Still by his efforts in this matter 
I trying to do a service to humanity, and deserved 
ouragement. 

rhe President said, that of course the lime cartridges 
old only come into use in collieries where powder was 
>Hbited. Lime was not meant to supersede powder ; it 
8 only intended to be used where the use of ordinary explo- 
es was attended with danger. If it came to be a question 

pounds, shillings, and pence, lime of course could not 
npete against powder ; but in a dangerous mine, where it 
s absolutely necessary to use something else than powder, 
5 Ume cartridge was a most promising invention. Bather 
tn ask what length of time was taken for the coal to come 
wn, he would enquire — was its coming down as certain as 
en gunpowder was used ? Because, if a man put the lime 
'tridge in over night, and found next morning that the 
il Lad not come down, he would lose a whole day's work. 
Mr. Burrows pointed out that the advantage to the miner 
the lime cartridge, as compared with gunpowder, was, that 
might be used at any time. The cartridge might be 
ploded as soon as it was ready, — though he hardly knew 
it this mattered much in long wall working. 
Mr. G. Wild said there was one other objection to lime 
'tridges being used during the night. A man might come 
St morning and find not only the coal down, but the roof 
well. In that case he would want a few props. 
Mr. Clegg LrvESEY thought Mr. Wild's criticism was 
rdly legitimate, because there was no reason why the lime 
ttridges should not be used in the day time. There was 
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nothing to prevent them being used when everything was 
ready. His own opinion was that lime might be more 
advantageously used in a tolerably thick mine, but in a thii 
seam the expense would, perhaps, prove too great. 

Mr. LONOBOTHAM said he did not mean in his previoui 
reiaarks to imply that there was any special advantage ii 
the coal not coming down at once, but only that it was n< 
great disadvantage. In the experiments which were niad< 
with lime cartridges at Norley Colliery, the coal fell withii 
an hour, as a rule, of the time that water was pumped on t< 
the cartridge. The seam was a very hard one. In one place 
in the Wigan 6ft. mine which was only 3ft. lOin. thick, anc 
12ft. wide, one shot was put in, and the coal, about thre< 
tons, was brought down within three quarters of an hour. 

Mr. ToNGE said, in answer to the President's question, a{ 
to whether the coal always came down on the application o: 
a Ume cartridge, he might say that it did not, though witl 
a little experience, it might perhaps almost always be made 
to come. In theii short experience of the process at Hulton 
Colliery, they had not succeeded in getting it down in every 
case ; but they were quite of opinion that lime was of great 
advantage on the score of safety — it could not set fire to 
gas — and it was also advantageous as fer as the roof was con- 
cerned. Another great advantage as had already been pointed 
out, was that it could be used at any time. In that respect 
it was a decided step in advance. From the experiments at 
their collieries his conclusion was that lime was not nearly so 
efficient as powder, but there was no doubt that it soon 
would be much nearer than at present. 

Mr. Still, in replying, said, that the lime cartridge was 
not intended to compete with gunpowder; it was merely 
put forward as the best substitute for that explosion, in 
dangerous mines. As to the President's remarks and question 
whether the lime always brought the coal down, he would 
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>l7 that, under ordinary md fidr circumstances, it did do 
but, of course, it would be absurd for him to say that, 
instance, in the Wigan 4fb. seam, in a place say 8fb., bst 
both sides, the lime woild break the coal down, and he 
old venture to say that there was no known means of 
ting coal which was applicable to every seam and under 
ry condition. With reference to the remark made by 
. Tonge, as to the coal not coming down, he had a memor- 
ium in his book — made at the time of the trials at 
dton Colliery, — to the effect, that the holes in which ihe 
successful cartridges were placed, were drilled by hand, and 
t with the proper drilling machine. In experiments 
deh were tried on a later date, in another seam at the 
ne colliery, the lime was very successful, so much so, that 
3 man who attended at the experiment said that Mr. Tonge 
d stated he had never seen such large coal before. 
Mr. Tonge said that Mr. Still's memorandum was perfectly 
rrect. Of course even when gunpowder was used the coal 
1 not always come down ; but there was decidedly less risk 
th a lime cartridge, when such was the case, than with 
wder. 



JE ELECTEIC AISHEMOMETER AND TELL-TALE, 

As in Use at Garswood Hall Collieries, near Wigan. 

diibited and described on behalf of Messrs. Thompson & 

Whitehead, 

By Joseph Thompson, M.E. 



This communication may be regarded as a second or sup- 
-mentary one, being connected with a paper which I read 
the same subject before this Society, at its meeting held 
Wigan, in November last. Li the first paper, certain pro- 
sals were defined, which to-day are brought forward in a 
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practical shape ; and one of the instruments referred to in the 
first paper is submitted for inspection. To render the matter 
as intelligible as possible, I hare prepared the following 
observations : — 

The name of the instrument is ^ Thompson's (Tatent) 
Electric Anemometer." 

Its object is, — ^To increase the facilities for ascertaining 
the quantity or volume of air circulating in the workings of 
coal mines^ and in other situations. 

Some of the more important advantages are : — 

(a.) That by the use of this instrument, it is render^^cS 
easy for any person of ordinary intelligence to record in. a 
book, or upon a chart provided for the purpose, either in t>l=i.€ 
manager's office at the surface, or in any other selected sl^'mjl^ 
suitable situation, the quantity or volume of ventilation 
passing through the workings of any mine. 

(6.) This form of instrument being universally admit>'fc^<i 
and proved to be the only reliable form of anemometex" a-t 
present in existence its indications may be relied upon witii- 
out fear of that equivocation well known to be inseparable 
firom other forms of anemometer used in mines. 

(c.) The lulls and impulses which are constantly occurring^ 
in the velocity of underground air currents, owing to obstruc- 
tions to the fi:ee passage of the air through the air-ways, by 
fidls of roof and other causes can be immediately and feith^ 
fully indicated. 

(d,) The observations obtained by the use of this anemo- 
meter are not only of a perfectly reliable character, but are 
of what is actually going on at the moment of observation, * 
point of great importance considered in relation to tb^ 
existing system under which the account (necessarily imp^ 
feet) of observations made is not usually presented to tl 
manager until a considerable period of time has elasped. 



(e.) Although extreme delicacy and sencdtiveiiess are 
olaimed for this instrument, its moving parts are so few and 
o£ such a character that '.he possibility of its becoming 
damaged or getting out of order is very remote, there being 
little or no strain upon any of them. 

(/.) It constitutes what is now and for many years has 
l>eeii a great desideratum in connection with mining ventila- 
tion, being a truly reliable and scientific tell-tale of the 
operations of the furnace or other form of ventilating 
apparatus man, every slackness or abnormal increase of the 
ventilation being inmiediately observable. 

(^.) It renders it easy (a point which will be again 
referred to) for the observations of all such instruments as 
connected with the ventilation of mines to be eflfected at 
point. 

Z)e8crvption, — The entire apparatus may, for convenience, 
t>e said to consist of three parts, viz. : — Transmitter, Line 
'^ith battery, and a Communicator. 

The Transmitter is that portion of the apparatus which 
^■^ to be placed below ground, and imports into its construo- 
^ioxi what are commonly known as Eobinson's cups, being 
*onx hemispherical metal cups, with their open sides all 
"t^irned the same way, and mounted at the extremities of two 
^•'itis crossing at right angles and fixed upon a vertical axle, 
^l^e concave sides of which, when erected, are acted upon by 
^■he wind, and the whole is thus put in rotation. In the 
^^"^Hsmitter under consideration motion is imparted to a 
*^orizontal from a vertical shaft or spindle by means of mitre 
^, while upon the horizontal shaft is placed a cam, 
which rests an arm or lever, by the operation of lifting and 
*o^Wering which due to the revolving of such cam, an electric 
^^xt3uit is complete and broken once for every revolution of 
"^e cups, the apparatus being so arranged that every revo- 
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lution of the cups represents the passage over them of ten 
lineal feet. To ascertain the velocity, therefore, of any air 
•current it is obviously simply necessary to add a cipher to 
the number of revolutions in any one minute, or the average 
of any number of minutes, and multiply in the usual way by 
the predetermined superficial area at the position of trans- 
mitter, and the number of cubic feet per minute is at once 
•determined. 

The number of revolutions can be counted in the mine at 
the transmitting station or (by means of an electric line of 
wire) can be made readable at any other point or number of 
points either in the mine below or on the surface. 

Line. — Two lines of wire should be used to form what 
among electricians is known as a "metallic circuit," the 
ordinary way of using " earth " to complete a circuit having 
been found to be unreliable at great depths below the surface. 
The ordinary " Leclanche ^ battery is used for the purpose. 

Corrmiunicator, — This is an ordinary electric single-stroke 
bell, or dead-sound beater, to suit the taste of the user, and 
<;an be made to indicate constantly or intermittently by 
the use of a switch fixed adjacent to the position of com- 
municator. 

It is claimed, and it is an unquestionable faxst^ that this 
instrument is not only the first really reliable and accurate 
velocity indicator ever adapted for use in coal mines, but 
that it ofiers for the first time in the history of coal-mining, 
the great advantages previously referred to in connection with 
successful ventilation. With this, however, as with many 
other inventions, there is a tendency to regard the advantages 
as problematical, and the apparatus as existing only in the 
region of experiment. In this particular case, the question 
always being whether one revolution of the cups of the 
transmitter, as given by the beats of the communicator, did 
really represent the passage of ten lineal feet over them- 
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or not. On this point, an investigation of the details of th& 
subject would immediately satisfy the most sceptical ; but it 
will suffice for every purposB here to state, that 10 feet for 
every revolution is based, first upon the information given 
by Dr. Bobinson himself ia the Transactions of the Boyal 
Irisli Academy, where he says : — ^ It has been determined by 
experiment, that the resist&nce on the concave is four times 
that on the convex, and both theory and experiment concur 
in establishing the striking fact, that (except so fer as fric- 
tion interferes) the wind moves exactly three times as fast as 
the vanes.** 

Since Dr. Bobinson demonstrated this, it has-been accepted 
hy Fitzroy and other eminent meteorologists ; and Mr. R. H. 
Scott, the present chief of the Meteorological Department at 
the Board of Trade, has but recently stated that it waa 
'' practically the only velocity anemometer now in use.** Inde» 
P^i^dent, however, of all this, I have made some extremely 
^^^eftd experiments with one of my own instruments, in a 
'^^^^e at Wigan, on the 22nd August last ; the result being 
that the instrument gave 10 beats for the passage of every 
^^ lineal feet — the 100 lineal feet being defined by the 
Passage of powder smoke, fired by electricity at the wind- 
ward end of a passage of uniform area of that length. 

The test was many times repeated in both high and low 
^docities, with the same result in each case. There, there- 
*^re remains no dpubt upon this point ; and it now need only 
"® added, that one of these instruments, working in the 
^^iQab-drift of the Wigan six-feet mine, has been in constant 
Motion by night and day for three months without lubrica- 
^^^^ and without any apparent change or deterioration 
tflrougli wear or any other possibly injurious influences ; and 
wiat, by an extensive experience with these cups, the Board 
^^ Trade have found them to have a long life; while 
obviously they must be exposed to greater severity, strain^ 
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and oxydation in smoke over oi near towns, than in mi 
cases they would be in coal mines. 

There is, moreover, another aspect of tiie question, whieTli^ I 
think I ought to name, and one which must not be regard^^d 
in any sense as of secondary imp3rtance, and it is that by ±Jbie 
use of this anemometer it is probable that much new a^nd 
valuable information will be obtained, and important dedlu<;- 
tions drawn in connection with the ventilation of mines. 

Anemometry now occupies a highly important place in tZie 
meteorological world, and by its aid, in connection yd'tJ^ 
navigation, many highly-important results have appear^^' 
results never thought of by the early advocates for its pi 
suit, and it is by no means improbable that it may, in coi 
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nection with the working of deep and fiery mines, be iowm^ 



to occupy a position none the less important than it occupic 
in connection with navigation. So long as the causes of 
many of our disastrous colliery explosions continue to 
shrouded in mystery, so long shall we be compelled to o^ 
that there still remains something to be done, some myster;;^^^ 
to be unravelled, and something at present partially 
entirely unknown to be worked out. Whether an improve 
system of anemometry will prove to be a contributory me 
to the attainment of this highly desirable result it is c^* 
course impossible to say, but, having in view the history c^^* 
meteorology (of which anemometry forms a highly importaD*-'^ 
feature) in connection with the saving of life at sea, it mar 
reasonably be suggested that it is at least an exceedingL; 
hopeful direction in which to look. 

I also submit for inspection, a copy* of a lithograph^^^ 
form of chart, which I have designed for use in connectio^^^ 
with the anemometer under consideration. This chart is ^^^ 
arranged as to admit of a record by means of distincti^^^ 



* Copies of the chart may be obtained from Mr. J. Thompson, M.*^»» 
8, Exchange Street East, Bolton. 
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trace lines of the readings of all the instruments, whose 
indications may be regarded as connected with atmospheric 
changes, such as are likety to exercise influence upon the 
ventilation of coal mines. The instruments coming within 
the scope of this chart are the barometer, thermometer, 
hygrometer, water guage, and anemometer. The chart has 
two diagrams ; the upper one being devoted to the first four 
instnunents named, and the lower one to the anemometer 
alone. Short notes, relative to the use of the chart, are 
printed on the margin. Ihe trace lines on the upper dia- 
gram indicate the atmospheric changes ; while, in a theo- 
retical sense, the lower diagram should show what effect such 
changes have had upon the volume of ventilation circulating 
within the mine. Even in a local sense only, it is obviously 
of the highest importance to make and record such observa- 
tions ; and in cannot be said to be less important, that such 
should be done for purposes of inter-comparison also ; and, 
if previous experience in the world of research may be taken 
^ any guide, it is, in my opinion, utterly impossible even to 
conjecture what desirable results might be seen in connection 
^th this important subject, before the issue was completely 
worked out. 
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le Ordinary Meeting of the Members of the Society 
lield on Tuesday, the 4th day of December, 1883, in 
Literary and Philosophical Society's Rooms, George 
3t, Manchester ; 

Edward Pilkington, Esq., J.P., President, 

in the Chair. 



letter was read from Mr. Arthur Birtwistle, acknowledg- 
he vote of condolence which, at the last* meeting, was 
ed to be sent to the widow and family of Mr. J. F. 
on. 



le President said that, at the meeting that day, the 

Lcil had resolved that a letter of condolence should be 

to the family of the late Mr. Thomas Knowles, a former 

dent of the Society, who died on the 2nd inst. He (the 

ident) would move that such a letter should be sent, and 

it should express the sympathy of the members of the 

ety at having lost so valuable a member. 

he motion was unanimously agreed to. 

16 
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NEW MEMBERS. 



The following gentlemen were balloted for and duly elected 
ordinary members of the Society : — 

Henry Bancroft, C.E., Moor Lane, Eersal, Manchestrer. 
Albert Jobling, Spring Wood House, Burnley. 
Henry Jobling, Spring Wood House, Burnley. 



A GEOLOGICAL SECTION OF THE MERSEY AND 

IRWELL VALLEYS. 



Mr. E. Leader WiLUAiiS, M.In8t.C.E., had undertaken ^>^ 
show a Geological Section of the Irwell and Mersey Valley"^' 
with samples of the numerous borings he had taken. In 1^^ 
absence, 

Mr. Hunter, C.E., exhibited the section and borings. iJ-^ 
said that Mr. Williams's absence in London prevented hrt-^ 
attendance, but he (Mr. Hunter) had been instructed to brut^ 
the section which had been made for the purpose of the Shi;^ 
Canal, and a few samples of borings from the multitude 
which had been taken. He did not know that there wju^ 
anything which he could say about the section. There wa^ 
nothing in it calling for special observation, beyond the twC^ 
singular dips in the rock — one at the upper, or Manchester 
end, where they found a remarkable valley in the rock, across 
the Salford Racecourse — and the other, an even more suMet^ 
depression, extending in depth to 120 feet within a quartet 
of a mile, at Latchford, near Warrington. Otherwise th^ 
section was a very ordinary one indeed, and one which, no 
doubt, the whole of the members of this Society would b^ 
sufficiently femiliar with. He perhaps might say, from a.ici 



engineering point of view, looking at it in the light of the 
construction of the Ship Canal, that if the promoters of that 
xxndertaking had had the selection of the materials — ^had they 
had the arrangement of the strata for themselves — they could 
hardly have chosen more fitting materials, or those which 
would more facilitate the carrying out of the object than 
wliat were to be found in the course of the canal cutting. 
Almost everywhere, as would be seen from the section, the 
bottom of the canal was on the red sandstone — the upper 
rriassic — and above that was the ordinary alluvial deposit of 
gravel, sand, and clay, all of which could be made use of in 
^e construction of the canal, either for concrete, or brick- 
^aiing, or — in the case of sand — ^for mortar. There were 
^ixiples of the borings, if members cared to see them, but 
they were so very ordinary that he had only brought them in 
^''^ier that those might look at them who desired. Only in 
^^G or two places did they touch the marl. 

I^rofessor BoYD Dawkins said he could hardly agree with 
tt^e gentlemen who had brought this subject before the meet- 
^g that it was a matter of little interest. It seemed to him 
(I^rofessor Dawkins) that when they looked at the irregular 
s^iiface in the solid rocks, which were covered up with 
superficial deposits, and when they had the rock pre- 
sented to them in a regularly made engineering section, 
they were having brought before them very forcibly the 
^tual condition of the ancient land surface, cut into hill 
^^d valley, before any boulder deposits were formed in this 
psjtof the country. The section was to be looked upon not 
at all as an exceptional one, but as a sample of the undula- 
^ry land surface carved in the solid rock which exists 
^derneath the superficial deposits of clay, sands, and gravels 
0^ boulder clay origin, and of a pre-Glacial remote origin. 
^^ irregular land surface was a thing which had cost 
the civil engineers of this district an enormous amount 
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of money, for in a great many cases that had come under liis 
knowledge they had assumed in making their calculatLcDns 
that the sur&ce of the rock below was similar to "the 
surface of the ground above, when, as a matter of fact^ it 
was scarcely so in any case he had ever known. He liad 
known a variation of as much as 160 feet in one short 
length at Rivington. The irregular contour of the rock w^ls 
shown in the section now exhibited, although, of course, tfc^e 
vertical scale was exaggerated ; and such was the surfe^^^ 
they found everjrwbere in Lancashire and Cheshire undemeat>^ 
the superficial deposits. He would even make a wid^^^ 
generalisation, and say that, wherever we get the bould^^^ 
deposits of sand and gravel, and the older deposits C^ 
alluvial mud, there is a surface of that kind below. Th£^ * 
is the case in many places in the South of England — i^^-^ 
Essex — and in the region of the Humber, where the superficial 



deposits amount in some places to upwards of 100 feet. H 
felt personally obliged to Mr. Williams for putting tha 
section before the Society ; and he hoped those data woulc^ 
be printed in the Society's Transactions, in order that the; 
might be compared with the observations made in Liverpoo 
and the surrounding district in a paper contributed recently 
to the Quarterly Geological Journal of London by Mr^ 
Melland Reade. 

Mr. Hunter said he ought to have pointed out what hac 
been mentioned by Professor Dawkins, that the vertical scal^ 
in the section was very largely distorted, as compared with tt 
horizontal scale — the former being 15 feet to the inch, and t) 
bottom 6 inches to the mile. What appeared, therefore, 
the section as peaks of rocks apparently very precipit^ 
were only ordinary inclines. The remark which had b 
made as to the manner in which engineers had been mi 
by the nature of the surface of the red sandstone rock in 
district had been amply borne out by his own experi' 
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Til ere was one exceptional circumstance to be noted in 
regard to the section : he did not think he had ever before 
known or heard of a case in which so much care and money 
liaci been spent upon borings in what was, in a measure, a 
preliminary inquiry. There had been made a complete and 
aecurate section of the Mersey and Irwell Valley, from 
Li\rerpool to Manchester, which would doubtless be a useful 
record in days to come. 

Frofessor BoYD Dawkins said he had not the slightest 
doubt in the world that all this hill and valley system, 
l>elow the alluvial, was pre-Glacial. This island, it must be 
remembered, was dry land any number of thousands of years 
l>efbre the Glacial period, and for the rain to have found its 
'W'a.y down to the sea it must have left inequalities in the 
ground in the way presented in this section. 

In reply to another question, 

Mr. Hunter said that the deepest boring was 120 feet, 

'tlia.-t was at Latchford ; and even at that depth they did not 

find, the rock. The other borings were, as a rule, from 30 to 

4:0 feet, — one was 50 feet — ^and almost in every case they 

found the rock. 



SIGILLARIA ('* POT-HOLES ") AKD THEIR DETECTION 

IN THE ROOF OF A COAL SEAM BY 

THEIR STIGMARIAl^ ROOTS. 

By Mr. George Wild. 



The fact that the fossil known as stigmaria is the root of 
that abundant plant of the coal measures, sigillaria, has, by 
the labours of the late Mr. E. W. Binney and others, long 
"Gen a settled point with geologists. The direct connection 
^^ the trunk with its roots is also no new discovery. Speci- 
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mens have been obtained and preserved in many of om 
museums (the collection presented by this Society to 'kJcLe 
Owens College notably). They have also been figured ii 
numerous geological works. In this country the rarity c 
specimens with root and trunk connection has hitherto l>^e: 
such that few good specimens have imtil recently been jcd e 
with, and much doubt created whether the casts of ±lji 
trunks found in the roofs of many of our coal seams knoi^ 
to the miners as "pot-holes" were really organic casts ci 
plants, or were due to gases escaping firom the decomposixig 
and probably liquid mass of matter forming the coal, in tl2e 
form of bubbles, which, bursting, would let in the soit 
covering of muddy sediment or roof, forming a cast sur- 
rounded by a film of carbonaceous matter. That hypothesis 
may be very sparingly allowed to account for some of ib-^ 
irregular casts sometimes met with, but there is no doul^^ 
that other causes were in operation, playing an importai3-t 
part in determining the shape of the bastard pot-holes. N^^^ 
intending to advance any definite opinion as to the shaS^ 
crumpled-topped hole from which has dropped the cast, -^ 
will briefly allude to the occurrence of the more perfect one^ 
It has been my duty for a long time, as it is that of al 
colliery managers and underground officials, to examine tL< 
roof, the most dangerous part in many respects of most coa 
mines, and having taken much interest in the above men 
tioned phenomena, both in a geological sense and as a matt^ 
of safety, the indication of their presence has formed som 
what of a study, in order to avert danger and to sati.* 
myself on the scientific points. Many have been the disf 
pointments when looking for traces of their connection w 
roots, only having been successful in detecting that com 
tion very imperfectly in about three or four cases previou 
the last 12 months, though I had examined hundred 
holes from which the cast had dropped, showing the * 
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xnencement of the root divisions, and it was with no little 
s^arprise when a neaily perfect stool of roots connected with a 
-tirunk met my observation about the commencement of this 
yeax. 

In looking up at the roof, which was a little broken, two 
st^igmariar-looking objects tx>ok mj attention, which I felt 
coitain proceeded from a stigmarian stool. A slight pull 
^rith the pick brought down the cushion or saddle on which 
rested the base of the trunk, and disclosed a splendid speci- 
men with a complete set of roots, a fairly accurate sketch of 
^wridch is seen in Diagram 1, fig, 1 . 

IHiat is most surprising, I confess, from not having dis- 
covered them earlier, is the fact that, having once got the cue 
to these hitherto extremely rare fossils, five others, imperfect 
^lies, but stools of roots nevertheless, were seen in less than a 
'^^ek, since which time four nearly equal to the first one, and 
^tK)ut a dozen somewhat less perfect ones, have been seen. 
^^ the case of one, a rather large specimen, I again noticed a 
^igmaria pointing on the comer of a pack- wall, which was 
J^st in the act of being crushed down by the pressure of the 
^^^K>f. Two props had been uncapped and were receiving 
^^"tention, when I called out to the men to make haste from 
^^^nt of it, as there would be a pot-hole on the edge of the 
^^Jl. They had scarcely time to escape when the large 
^^shion, weighing from four to five hundred-weight, on 
^tuch the base rested, bore down the wall, leaving the root- 
^^^^ring pot-hole still in the roof, and a very fine specimen it 
^^8, but much cracked or broken across by the settling of the 
^^^K>f on the gob, and another nearly similar one was found 
^tK)ut six feet distant. 

I had seen the Oldham " fossil forest," and nearly thirty 

y^ars ago met with ten trunks varying from two to thirteen 

feet in length, in a shaft at Burnley, not more than twelve 

feet in diameter, and even the roof of the Old Mine at this 
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(Bardsley) Colliery contained many erect trunks, some 
which left no doubt on my mind at the time of their hi 
of a lepidodendroid character. But to find nearly hal 
these fossil forms with roots, in the roof of the Peacock M 
is worthy of notice. 

Fig. 2 is a view looking down upon Fig. 1, and sho^ 
the proportion of trunk which was broken oflF with the re 
and which, at 17 inches from the centre of its base, wai 
inches diameter, and coarsely furrowed on the exterior. 

Diagram 2 is intended to convey some idea of the cha 
teristic features of the roots and articulation of 
rootlets externally, also the vegetable structiKe int^mj 
so far as at present known, the nature of which 
be seen in this slide if carefully held before the li; 
The rootlets are often found much longer than is shown 
the diagram, having measured them in a rock seat 4 i 
feet in length, and their presence is very often indicativ 
a coal seat or floor, and may have given rise to the t 
*' warrant," used in some localities. That the growth 
presence of roots and rootlets in the seat of a seam of < 
has unstratified the shale, if I may be allowed the rem; 
most old sinkers will agree with me, especially in str 
ground where planes of stratification or floor partings 
eagerly sought for, to assist in making way for the measm 
tape. Fig. 1 is a transverse section showing the outer 
inner woody zones with the articulations of the rootlets. 
Fig. 2 is a longitudinal view part solid and part in sect 
showing their arrangement and the general appearance 
stigmaria externally, while the lower part shows the 
zones of vascular tissue in vertical section. Figs. 3 and 4 
transverse and longitudinal sections of rootlets showing tl 
internal structure. 

Diagram No. 3 is a section of the seam of coal (Peac( 
Mine) showing the stratification of roof and floor and posit 
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vhich the before-mentioned sigillarian trunks are found, 
jir bases, it is seen, rest on a bed of bliB shale about two 
) above the seam of coal, the roots far a short distance 
ing a downward inclination, afterwards taking a horizontal 
3ction, and unless filled in with some harder material than 
shale surrounding them, quickly become flattened, and 
lost sight of among the gigantic prostrated and flattened 
nks of lepidodendra, calamites, sigillaria, &c. The centre 
the base rises above the horizontal roots from 4 to 12 
hes, depending somewhat on the extent of downward 
»vement of the trunk while decaying and becoming 
bedded, which, from the shrunken or crumpled appearance 
the bark at the junction of root and Lrunk, seems in some 
es considerable. 

^ig. 1 on the margin is a base which dropped out without 
iking oflF more than two of the root-casts, and shows the 
al sigillarian markings. Fig. 2 is a portion of another 
►1, or, rather, the cushion on which rested one of the four 
u roots, also the secondary divisions of the same, and two 
:es fitting into the two sulcated lines or furrows accom- 
ying the secondary roots. 

he conclusion I arrive at is that no colliery manager 
with advantage ignore geological phenomena indicative 
' danger, the creation of which is in no way due to 
er unskilful planning or negligence on the part of 
^ne connected with colliery operations, and by that 
on accidents arising therefrom are less likely to be 
Lded than most of the many to be guarded against 
erground. It therefore behoves us to take advantage of 
"y means that present themselves for detecting so 
cherous a foe as the hidden pot-hole, or the silently yet 
ienly falling slickensides, in the roofs of coal mines. The 
-s of these stool-bearing trunks can be recognised not 
f by the roots themselves, but by the crucial and quater- 
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naiy divisions which are seen directly under the base or 
pot-hole, where tl^ stigmarian punctures are almost oblite- 
rated. Had it bedi possible to detect these objects by the 
features of the uppr surface only, then no economic value 
would attach to a hiowledge of their form further than we 
already possess, viz., that their separation from the surround- 
ing strata by a film, of coal and their upward taper render 
them dangerous to work under. 

The most common form under which they are so well 
known requires no further description than that shown on 
Diagram 3, Figures 3 and 4, which leads to the conclusion 
that those short portions of trunks have in most cases been. 
hoUow to the level of the seam of coal with which they 
have become incorporated. As, often the deposit of fishes 
scales, teeth, spines, &c., and bituminous shale on the top oi 
a seam, have been continuous almost evenly with the rooi 
through the hollowed trunk, a circumstance easily accoimtec 
for when under the same depth of water as the surface of the 
seam and sufficiently decomposed to have become hollow. 

Many objects of interest are to be met with in the rooE 
as well as its being that part of underground workings 
requiring the most attention, and assuredly it cannot b« 
beyond the duty of the highest official to examine that par" 
whenever opportunity occurs. 

The aim of the writer is not only to bring a small contri - 
bution to science, but also to the mining interest generally 
in avoiding, however slightly, one or more of the greates^r 
sources of danger attaching to coal mining, a matter of n^ 
little importance to both employer and employed; and - 
desire to encourage, so fax as may be, the study of the florr^ 
and fauna common to, and eminently characteristic of, nc^ 
only the coal-measures generally, but special horizons in tho^ 
measures. 

It is to be feared that the purely geological side of mining 
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oiigineering is not often duly appreciated, that the idea pre* 
-vslWs that, because it requires only the big capitalist and 
stilfiil engineer, to lay out a successfil colliery in an 
unbroken coalfield already proved by former operations^ 
■tlierefore the geology of the district is of little consequence. 
Occasionally that may be so, but how oftei do we find coal- 
fields ventured into, the correlation of vhich is extremely 
ddflScult to the geologist who has studied the district, and 
aJjnost a perfect blank and disastrous to the engineer who has 
not made that science a portion of his study. It is not only 
"the general thickness, texture, and cobur of the beds of 
sliale, sandstone, and ironstone bands and nodules, as well as 
tilieir order of superposition, but the predominating species of 
plant or animal remains found in them, and the character 
snch organisms have given to the strata in which they are 
ibvmd, that constitute the advantages of the student of 
geology. 



Professor BoTD Dawkins said he had listened to the 

^communication with great pleasure, first of all because it 

^^as an interesting communication in itself, and also because,. 

^^hen Mr. Wild was working out the trunk which had been 

described, he was kind enough to invite Professor Wil- 

liajuson and himself to see what was being done. They 

^ent into the workings, and saw what he was quite sure 

^ould delight the soul of any man who cared for fossil 

^^getation. He did not know any sight — so far as fossils 

^ent — to be compared, for one moment, with that of the 

^'oof of the Peacock Mine, for not only in some places 

^ere the remains of trees of the kind which Mr. Wild had 

put before them to be seen, but there were huge trunks lying 

^^id a tangled mass of ferns, and the most extraordinary coUec-^ 

Won of fossil vegetation — calamites, lepidodendra, sigillariae,. 



^ 
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and stigmariae, ^d other undescribed forms, all mingl 
together in a waywhich was simply marvellous. He believ 
the practical valu^ of Mr. Wild's remarks to be very great. Th 
knew that from tpie to time, in coalpits, very serious disj 
ters happened, through those masses, those great columns, 
rock suddenly breaking down and crushing the unfortuna 
miner who ^happeiied to be working underneath. It won 
therefore follow that when those stigmarian roots were o 
served radiating from one centre, as Mr. Wild had describe 
they were to be tal^n as indicating the direction from whi 
danger was to be apprehended from the downfall of the ca 
of the fossil tnml^. This had been formed thus. T 
trunk, after being submerged and partially buried, w 
decomposed, until there was nothing left of it but a th 
layer of bark, which got filled with sand or mud, as t" 
case might be, and the only thing that kept the cast of t 
interior in its place was the thin carbonaceous matter, whi 
represented one of the original layers of the bark. I 
really felt exceedingly obliged to Mr. Wild for his coi 
munication, and thought that the owners of collieries wou 
do well to lay his remarks to heart in regard to their practic 
application. 

The President said he could bear out Mr. Wild's observ 
tions with respect to those trunks falling out. Every colli 
knew what was a pot-hole, but if they asked him abo 
sigillarias and stigmarias he would be rather non-plusse 
The men generally knew where they were, and were ve 
careful of them ; still, they could not always be avoide< 
and accidents sometimes happened in spite of all their cai 

Professor BoYD Dawkins : May I ask how the men g 
a practical knowledge of where these pot-holes are ? 

The President : Generally there is some sign of them- 
the thin layer of bark round. 
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Mr. Wild : In pot-holes of the usual form generally the 

cleavage of the coal, directly underneath, his heen disturbed^ 

an.d the miner finds that it is tough — " woody," he calls it — 

tliere is no proper parting. I have no doubt, from the 

slxmnken character of the junction of these roots with the 

trunk that, while being embedded, the weight of the trunk 

before thorough decomposition has gradually pressed down a 

lititle into the shale. In most instances where they 

ponetrate the coal seam I should expect to find them 

without the roots, but, in the case before us, the trunk has 

aot been embedded in the coal ; hence the sigiUarian roots 

aa-e well preserved. The stigmarian markings may, in some 

eases, be obliterated, but when a patch of roof falls, or is 

taken down, the roots are bared, and any miner can readily 

get an understanding of what a stigmarian root is ; it is 

generally rather barer of other vegetable remains, and lighter 

ixi colour inside the cast than the shale around it ; and if he 

will notice that and trace it a little he will find the direction 

of the root bearing towards the centre of the trunk. We are 

continually meeting with them now since we dropped on the 

proper way of looking for them. 

Mr. Stirrup said those who had the pleasure of Listening to 

Professor Williamson's address at the meeting of the British 

Association at Southport would understand the value of such 

observations as those of Mr. Wild to one who followed out 

the history of plant life in the carboniferous age, as Professor 

"Williamson had done. Mr. Wild's paper would be a 

valuable contribution towards settling the question now 

pending between certain French palseo-botanists and thoso 

^^ oiir own coimtry, as to whether there really was any 

^^?9.tiic connection of the stigmaria with both the sigillaria 

^^d lepidodendron. The French authorities separate 

^ffillaria firom lepidodendron, while Professor Williamson 
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demonstrates then to be diflferent stages of development < 
the same plant. He would like to ask Mr. Wild if he he 
€ver foimd anythiig like terminal branches. 

Mr. Wild : I am not aware that any true branches ha' 
yet been met wifli belonging to well-marked sigillaris 
trunks — neither to the flattened prostrate stems, nor yet tl 
upright trunks. 



MODE OF PATENT SAFETY CATCH FOB WIE 

HOPE GUIDES. 

Exhibited and Explained by Mr. W. Brown. 



Mr. W. Brown exhibited and described a model of 
safety catch for wire rope guides, which has for its obje 
the prevention of accidents to pit cages by the breakage 
the winding rope. For this purpose levers are placed on esu 
side of the cage, and turn on pins, and form the centt 
upon which the levers work. The ends of the levers a 
provided with hinge joints, from which extend upwards su: 
able rods having rollers extending outwards, with flat circul 
surfaces to ensure an effectual grip on the guide rods whi< 
are fixed to the sides of the cage. The opposite ends of tl 
levers are secured by a hinge joint to coimecting rods joini 
together above the cage by tie rods, to which a link 
attached to the winding rope. When the cage is suspends 
the rollers are drawn away from the guide rods, and tl 
whole weight is supported on the connecting rods as well i 
the pins or centres of the levers. In the event of a breakag 
the whole weight of the cage is thrown upon the centre 
causing the suspended ends of the levers to &11 and tl 
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opposite ends to rise with the rollers into the inclined plane 
and grip the guide rods, by which the cage is held, sup- 
ported by its own weight acting upon the rollers in the 
inclined planes, thus preventing it falliig down the shaft 
when unattached to the rope. Springs aie also attached as 
an additional safeguard in case of the accidental breakage of 
the rope. 









TRANSACTIONS 



OF THE 



ANCHESTER GEOLOGICAL SOCIETY. 

? XIII. Vol. XVII. Session 1883-84. 

t the Ordinary Meeting of the Members of the 
ety, held on Friday, the 4th day of January, 1884, in 
Mining School, Wigan ; 

John E. Forbes, Esq., F.G.S., Vice-President, 

in the Chair. 



NEW MEMBERS. 



be following gentlemen were balloted for and duly 
ied ordinary members of the Society :— 

Sampson Garside, Colliery Manager, Denton. 
James Roscoe, Colliery Proprietor, Little Hulton. 
Henry Worthington, Colliery Manager, Little Hulton. 



le following are the recent additions to the Library : — 

liast Natural History Society : Report and Proceedings, Session 1882-83 ; 
the Society, Cornwall : Mining Institute — Proceedings, No. 8, 1883 ; 
' the Institute, Royal Geological Society of Cornwall — 64tli Annual 
rt, 1883 ; From the Council, Glasgow : Natural History Society — 
eedings, Part 2, Vol. V. ; Frmn the Society, Iron and Steel Institute — 
Hal, No. 1, 1883; From the Institute, Liverpool; Geological Associa- 
■^Annual Report, 1883 ; Transactions, Vol. III., Session 1882-83 ; From the 
^ciation. Geological Society of Liverpool — Proceedings, Part 4, Vol. V. ; 

17 
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From the Society, London : Geologists' Association — Proceedings, Nos. 2-3, 
Vol. Vni. ; Title Page and Index for Vol. VII. ; From theAeaoeiation, Geolo- 
gical Magazine, Nos. 23{-234 ; Purchased, G^logical Society of London — 



Quarterly Journal, No. 166, Vol. XXXIX. ; List of Fellows, November, , 
1883 ; From the Society, Institution of Mechanical Engineers — Proceedings,^ 
No. 3 ; July, 1883 ; Fron the Institution. Midland Institute of Engineers = 
Transactions, Part 49, Vol. IX. ; From the Institute, Mining Institute o±r 
Scotland : Transactions, Parts 5-6, Vol. VT. ; From the Institute, North oi 
England Institute of Engineers : Transactions, Part 6, Vol. XXXII. ; anc». 
Part 1, Vol. XXXIII. ; From the Institute. Norwich G^logical Societj^ ^"•^' 
Proceedings, Part 7, Vol. I. ; From the Society, PaliBontographical Societ}' — ^' 
Monograph, Vol. XXXII. ; Furchased, Salford : Annual Report for 1882-8 <^^ 8 
of Committee of Museum, Library, and Parks ; From the Corporation, SouC ^J ^ ti 
Wales Institute of Engineers : Proceedings, No. 6, Vol. XIII. ; From tH^^ -3A 
Institute, Canada and U.S. America. — Toronto — Canadian Institute : 
ceedings, Fas. 6, Vol. I. ; From the Institute, Indianapolis — Department 
Gteology and Natural History: Twelfth Annual Beport (1882), by Jol 
Collett, State Geologist ; From John CoUett, Esq, Smithsonian Institntioi 
Annual Report for 1881 ; From the Institution, Christiania — Boyal Ui 
varsity of Norway : Catalogue of Books received in 1880-81 ; Silnrfosai lc^ ^ ^ 
o 9 Pressede Eonglomerater, af Hans H. Renset ; Die Silurischen 
2 and 3, Von W. C. Brogger. ; Frotn the University, Der G«ographische " 
schaft zu Greifswald Jahresbericht, 1882-83; Der Deutschen G^logischc 
Gesellschaft Zeitschrift ; Heft 3, Band XXXV. 1883. ; From the Soeiet^^¥' 
Naturwissenschaftliche Gesellschaft Isis in Dresden: Sitzungsberdcht 
Januar zu Juni, 1883 ; From the Society, R. Aocademia dei Luu 
Transunti, Fas. 15, Vol. VII.; Atti, 3 series, 1882-83; Memoire, Vol 
XI.-XIII., 1881-82 ; From the Academy, Australia : fte|>0rt8 of the Mim£==^ 
Surveyors and Registrars, Victoria, (Quarter ending June 30th, 1883]^^3' 
From the Secretary of State, Victoria, * * New Zealand— Its IGnend reflonroea -^^ 
by H. BramweU, M.Inst.C.E. ; Pamphlet from the Author. Arg6ntic==^^ 

Republic : '* A Statistical and G^graphical Review of the Oonufary and i '^ 

resources," by Francis Latzina. Buenos Ayres, 1883 ; From th$ 
ment. 




Before commencing the ordinary business the 
proceeded to the Dairy Pit, belonging to the 
and Iron Company, for the purpose of inspecting 
Cockson's patent Silent Gnibal fan at work, getting 250y0(^^ 
oubio feet of air per minute, at a water gauge of 4*9 u^^. 
They had also the opportunity of seeing a 9 ft. upcast sha;:^^ 
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in course of being enlarged to 14 ft., and the eleotric light 
in use for working in the shaft. 

On reassembling at the Mining School, a descriptiYe 
paper was read 

ON A NEW VENTILATING FAN. 

Bt Mr. Charlbs Cockson, M.E. 



In June, 1882, I read a paper before this Society ** On 
Centrifugal Fans: their relative efficiency and useful 
eflTects.'* (See Part xviii.. Vol. xvi.) 

In that paper I was much assisted in arriving at my con- 
cluBions by the report of the committee of the North of 
Elngland Institute of Mining Engineers on the same sub- 
fect. I now beg to remind you that among the conclusions 
which I drew in that paper, which were, I think, agreed to 
^nd confirmed by the members present at the discussion, 
were the following points : — 

1st. That centrifugal ventilators (or fans) are much pre- 
ferable to the variable capacity or air pump type of 
V'entilator, and 2nd. that the Guibal is a much more effective 
Fan than the Waddle and Schiele, because of its ability to 
produce at a given speed of the tips of the fan blades, a 
CDLUch higher water gauge, and consequently imder similar 
tnine conditions a greater quantity of air than any other 
bype of fan. 

To these conclusions I had been led by numerous experi- 
tnents which I had been able to make at the Wigan Coal 
uid Iron Company's collieries on both Schiele, Waddle, and 
Ghiibal fans, and feeling so absolutely convinced of the 
theoretical and practical superiority of the Ghiibal, I began 
to think whether even it could not be improved in any way, 
iHurticiilarly in the direction of overcoming the main objection 
to its use, namely, the great size, weight, and expanse of 
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fan required to do heavy work, the advocates of the Scl 
fan having here a decided advantage to claim over 
Ghiibal, as even at some colleries it would be practic 
impossible to put up a Guibal fan on account of the s\ 
and depth of excavation required. 

With this object in view I designed and patented an 
proved type of Guibal fan, in the hope that it woul 
what I have termed it, the " Silent Guibal," that is, a 
of the Guibal type, having all its great advantages, and 
at the same time being a silent non- vibratory fan like 
Schiele, and consequently combining all the good point 
each type of fan, and this, I think, I may fairly clain 
have accomplished. 

At the time of taking out my patent the Wigan 
and Iron Company were considering the advisability, 
indeed the possibility of successfully setting a fan to i 
to take the place of the underground furnaces at their I 
Pit; and on laying my plans before them they i 
sure of nof; making any mistake by having working mc 
(50 inches in diameter) made of the improved and the 
dinary Guibal. With these models a number of experin 
were made which fully confirmed my ideas and pr 
conclusively that — 

1st. The improved fan was really a silent fan wil 
any vibration; 

2nd. That under like conditions it produced a slig 
higher water gauge and a little larger quantity of air 
the ordinary Guibal. 

On the strength of these experiments it was detern 
to put up one of the new fans, and instead of havin 
ordinary Guibal of 45 to 50 feet, as had been the 
necessary to do the very heavy work required, a i 
Gmbal, 30 feet in diameter, was put up, and since Ai: 
has been working most satisfactorily. 
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The Dairy Pit fan is 30 feet in diameter, has a close- 
fitting casing, expanding chimney, and adjustable shutter, 
just like the Guibal, but the blades of the fan are made to 
taper from a width of 15 feet at the inlet end of blade to a 
width of 7 feet at the tip ; this tapering of the blades being 
so proportioned as to give an equal area of air passage 
throughout the fan ; and it is in this that the main altera- 
tion lies, and it is owing to this that the fan is a silent one. 
This particular fan draws its air through one inlet 14 feet 
in diameter, the fan being connected to the upcast by a 
circular iron tube of that size. The upper half of the fan 
casing is made of iron plates cast to the outline of the curve 
of the blades, and roofed with wood lags, while the lower 
lialf and fan race and chimney are built in brickwork to the 
same curve. The fan itself is constructed on the usual 
lines ; in fact it is the framework of a Guibal fan, which 
the company had on their hands. 

Such is the fan, and it was put up to produce five inches 
of water gauge, and to be able to pass 300,000 cubic feet of 
air per minute. In order to get this excessive water gauge 
the fan has to run at fully 80 revolutions per minute, and 
as it was not thought wise to couple up the engines we had 
direct to the fan it was decided to drive the fan with 
grooved pulleys and cotton ropes, so proportioned that with 
the engines at 50 the fan runs at 80 revolutions per minute. 
The ropes are 15 in number, each two inches in diameter, 
and are amply strong enough to transmit 365 horse power 
per minute at 80 revolutions of driven pulley which is 9 
feet 4 inches in diameter. The engines are in duplicate, 
horizontal, and condensing, having cylinder 30 inches 
diameter and 36-inch stroke. 

This plant was erected to take the place of two under- 
ground furnaces, having a fire-bar area of 129 square feet, 
on which 12 tons 17 cwt. of Arley mine mixture were burnt 
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per 24 hours, producing with the furnaces very hard fired 
142,570 cubic feet of air per minute, the cost for wages 
being 19s. 3d., and for fuel £4 3s. 7d., or a total cost of 
£5 2s. lOd. per 24 hours, which, multiplied by 365, will be 
j61,876 per annum. 

When the fan was started it was found after careful 
testing that it got the same quantity of air as the fumaceflB^^ 
when running at 52 revolutions per minute, burning 4 
2 cwt. of rough buzzard slack per 24 hours, and costing f< 
wages, 10s. 6d. ; and fuel, 15s. 4d. ; or a total per day oSr<4c:3)i 
£1 5s. lOd., which, multiplied by 366 gives a cost of £47^ ^"VJ 
per annum, or a saving by the use of fan on the two item^c^Hug 
of fuel and labour of £1,405 per annum. Of course iroiniMr^in 
this an allowance ought to be made for interest, ^rprr^ — o 
ciation, stores, &c. 

In addition to this great saving, we were able to increaaai .se 
the quantity of air in the mine enormously, the fan pi 
ducing at 80 revolutions per minute (at which speed it worl 
quite easily and practically noiselessly) an increase of 56 p ^r 
cent, in the quantity of air, namely, from 142,570 with tlHse 
furnaces to 222,750 with the fan ; the latter quantity beizrsg 
produced under a water gauge of 4'7 inches in the f^5Ui 
drift, and 4*95 inches at the fan side next to engines. T-fce 
useful effect calculated on the lesser water gauge in f ^u 
drift being 70*3 per cent, of the steam power in cylindL^r 
of 234 horse power. This test was made soon after the f^^ 
started, at which time the upcast (230 yards deep) w^ 
unbricked, and nine feet in diameter for half its deptlii 
and ten feet in diameter bricked for the remaining' 
half, and in order to lessen the friction of air in the 
upcast it has since then been enlarged to 14 feet io 
diameter, and when this work was about half completed 
another test was made, and the fan was found to be ginng 
74 per cent, of useful effect, this result being obtained from 
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an average of 11 diagrams taken at certain intervals during 
the whole duration of measurements of air, which were 
taken with carefully tasted and corrected anemometers 
-underground, on accoimt of the difficulty of accurately 
measuring the air close to the fan. 

This enlargement of the upcast will it is expected be 
ifinished in February, when the quantity of air produced 
-vnll be much larger than now ; and I may say that I should 
liave preferred reading these notes after that had been com- 
pleted, and another set of experiments had been made with 
the fan shutter adjusted to the altered conditions. However, I 
thought you would perhaps prefer seeing the place when the 
stripping was in progress, and so I obtained permission 
of the Wigan Coal and Iron Company for the members of 
this society to visit the colliery, hence my speaking on this 
occasion. 

Of the electric light, which some of you saw in use in the 
shaft to-day, Mr. Webster, the manager, tells me that they 
could hardly have done without it, and although it has been 
an expensive matter to the company to buy the requisite 
plant, yet it has greatly lessened the risk to life and limb of 
the persons engaged on the work, and has also most 
decidedly saved loss of time and consequent loss of money. 
The lights in the shaft — 3 in number of 50 candle power 
eacli — are Swan incandescent lamps ; the engine and dynamo 
1)eing powerful enough to give 10 lights of that power. 

The enlargement of upcast has been carried on con- 
tinuoosly since the commencement in the third week in 
August, and is now completed for 170 yards, and this work 
lias necessitated no stoppage of work in the mines ventilated, 
and has been a very good test of the strength and cap- 
abilities of the fan. The bearings of the fan in the drift 
liave been kept boxed in to keep them free from dirt and 
grit ; and I am told that every Sunday, when the fan has 
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been stopped for examination, several barrow loads of gru^cil 
and stone refuse have been cleared out of the fan rac^^^ 
which it has pulled up with the air current. Owing to th-^crie 
fear of the bearings heating with dirt, &c., getting in thKz^Ae 
fan has been kept at 70 revolutions per minute for the la& ^^8t 
four months, but^^it could just as well be driven at 80 or lOCH^O 
if the bearings kept right. 

In conclusion, let me briefly state what advantages J 

claim for the sileot Guibal fan. 

1st. That fans of this type, of from 12 to 20 f f l et 
in diameter, are able to do, at the same blade-tip speed, ji ist 
as much work as any Guibal fan of the usual size of slmSjt 
from 30 to 50 feet in diameter. 

2nd. That on account of their less size and weight Ha^^y 
are not so liable to break down and injurious straining, a:x3d 
for the same reason are much more economical than fclae 
larger Guibal or any other type of fan, as if my fan is pro- 
perly proportioned for the work it has to do there is xxo 
reason why it should not get 70 per cent, of useful effect ^^ 
compared with the results of 40 per cent, up to 62*95 p^i" 
cent, given in the report of the North of England committor- 

3rd. They are less costly to erect on account of the te^B 
size of the fan and casing, and the requisite foundation axx^ 
excavation, &c., than a Guibal would be to do the sai*^^ 
work. 

4th. They can be made as small and light as the Sohiel^^ 
and will give equal water gauges and quantities of air at Bt^ 
average of two-thirds of the speed that would be require^ 
by a Schiele to do the same work. In brief, I claiia for tb^ 
'^ Silent Guibal " fan that is the cheapest, most efficient, an^ 
economical fan yet brought out, and I shall be glad to 
promise any person equally good results to those I hav^ 
shown this afternoon; and as to cost, either I or m/ 
licensees, Messrs. Black, Hawthorne, and Go., of Gbteehefld* 
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on-Tyne, will be most happy to give any information on 
that score. 

A vote of thanks to the Wigan Coal and Iron Company 
md their officials for their courtesy in allowing the 
Jlembers to visit the Dairy Pit, for the purpose above- 
lamed, was passed. 

Mr. Hilton said that the proprietors of the Colliery 
iv^ould be glad to give those members who desired to see the 
Ean at work, and had not been able to attend that day, an 
3pi>ortunity of inspecting it at some future time. He had 
tiad a great deal to do with the experiments referred to by 
IM!r. Cockson, and could endorse all that that gentleman had 
Eiaid as to the results. For some time prior to Mr. Cockson 
bringing out his fan, the .Company had been on the look out 
£op a better means of ventilating the colliery than they then 
liad. The works were getting extensive and they were at 
the far end as regarded furnace ventilation. He went to 
South Wales and other places to see what was being done 
^here, but did not find anything better than he could see 
^bout home. After some time, Mr. Cockson set to work 
3ixd brought out the fan somewhat as you have seen it to-day. 
I^ gave every satisfaction, and did all that Mr. Cockson said 
It Would do ; in fact he did not know if it was not doing a 
^ttle more. They knew before it was erected it would do 
^hat he said it would, for the reason that large models had 
^^^% made and experimented upon. They naturally did not 
^e to erect a fan on a new principle without first making 
experiments. Had Mr. Cockson not brought out this fan 
they would have put a larger one down. They thought of 
having one of 40 feet diameter, which would, of course, 
^ve cost more money. With such a fan, moreover, they 
^uld not have got an equal number of revolutions per 
minute. When a fan of that size got to about 50 revolu* 
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tioiEB per minute it began to show signs of weaknessy and 
thought there would be difficulty in getting a 40 feet oi 
of the old type to mn more than 55 reyolutions per 

Mr. O. H. Peace considered Mr. Cockson had made 
step in the right direction with the principle of 
improvement on the Quibal fan. 

Mr. Macalpine remarked that the great merit of 
Goibal fan was the high water gauge produced with i 

given periphery speed, and if the diameter of tWBn 
Ghiibal fan could be reduced, and produce the results tkc—iit 
Mr. Cockson had indicated, no doubt a very great st -^p 
would have been made. The percentage of useful eS^ssot 
that was got out of the fan seemed to him to be remarka1Wr3a 
Some other fans had under very favourable conditions giw^^n 
as high a percentage of useful effect, according to ±^Jie 
published reports, and therefore it would be very well i£ a 
series of exhaustive experiments were made on this papti- 
cular fan. There was a large difference in the cost in fuel 
and wages between the fan and furnace system of ventila- 
tion, but probably before the subject was set aside Mr. 
Cockson would take into consideration what the difference 
would be after making allowance for interest on capita^ 
depreciation, &c. The question of repairs was after all the 
main question, especially if one compared this fan with the 
Gxiibal fan. The Guibal fan, he tmderstood, had always 
been a costly one for repairs. On the other hand, die 
Schiele and Waddell cost next to nothing for repsfan. 
They ran on imtil they were done, without costing any- 
thing, and that, of course was a very important matter, fo 
the repairs of the fan meant the stoppage of the ooUieri 

Mr. Cockson said he quite agreed with Mr. Maoalpi^ 
that a Schiele or Waddell fan might be preferable to t 
ordinary Guibal as regarded repairs. His paper was of 
intended to be a brief description of his fan. It was 
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intended to be argumentatiYe nor to compare his fan with 
others; but one of the things he claimed was that it 
potssessed the advantages of the Guibal without any of the 
vibration. Hence it did away with that straining and that 
jarring which caused repairs to be necessary. He did not 
see why his fan should not run on for 20 or 30 years 
without a bolt straining or being out of repair. As to oost^ 
the risk of fire underground when there was a furnace was 
something which could not be over-estimated. There were 
Four pits in the vicinity of the Dairy Pit, which formerly 
were ventilated by furnaces, and in three of them he had 
known fires to arise from the furnaces within the past ten 
jrears. But apart from that risk he contended that the use 
Df his fan entailed much less cost upon the proprietors of a 
solliery than any other system of ventilation did. 

Mr. J. L. Hedlet observed that the question was not so 
much one of furnace ventilation as compared with fan 
v-entilation, as a comparison between different types of fan. 
rhe one they had seen to-day was an improvement on the 
Shiibal fan, and at some future time they might expect, 
Erom what Mr. Oockson had said, to have the fan thoroughly 
bested by competent people and compared with other fans, 
smd the results made known. At present the results 
[>btained from the working of Mr Cockson's patent fan 
seemed to be very good indeed. He thought every one 
was agreed that the fan wus preferable to the furnace, and 
^B a matter of fact it was coming into general use where 
unproved means of ventilation were required. He would 
like to suggest that they keep this question open for a short 
time, to give Mr. Oockson an opportunity of having his fan 
tested, when the enlargement of the upcast shaft has been 
completed to the size now in progress, in order that they 
might make a comparison under fair circumstances between 
it and the other fans that had been tested. 
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Mr. Davenport (Oldham), pointed out that the 
was not working under such fayonrable conditions as 
would do when the upcast shaft enlargement now goin.^ 
on was completed. 

Mr. CocKSON intimated that he would be happy, with tlizd 
Wigan Coal and Iron Co/s consent, to have an official anc 
authoritative test made of the fan so soon as the shaft wf^ 
finished. 

A vote of thanks was passed to the Chairman, and ^ 
Mr. Maskell Peace for the use of the Mining School, and tW^^ 
meeting terminated. 
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TRANSACTIONS 

OP THB 

lANCHESTER GEOLOGICAL SOCIETY. 

IT XIY. YoL. XVII. Session 1883-84. 

iA, the Ordinary Meeting of the Members of the 
iety, was held on Tuesday, the 6th day of February, 
^4, in the Literary and Philosophical Society's Booms,. 
3rge Street, Manchester. 

Edward Pilkington, Esq., J.P., President, 

in the Chair. 



NEW MEMBERS. 



t^he following gentlemen were balloted for, and duly elected 
inary members of the Society : — 

George Green, Tyldesley Colliery, Tyldesley. 
John Jobling, Barcroft, Cliviger, near Burnley. 
A. H. Leach, Brinsop Hall Colliery, Wigan. 
William Rodgers, 48, Talbot Street, Southport. 
Daniel Toman, Chamber Colliery, Oldham. 
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FTmTHER NOTES ON THE MABSAUT SAFET 

LAMP. 

Bt Joseph DicKiNSOiTy F.O.S. 



In my Paper on the Marsaut Safety Lamp, read bef ^^)j^ 
this Society in November last, and now printed in """^Ae 
Transactions, I pointed out the advantages claimed for t^TKi^ 
lamp. It was at first my intention to wait for discussfoii, 
but events were hurried on by the want of a kind of lajiip 
like this, forming a happy medium between the Davy and 
the Mueseler, in a colliery, where the Davy had apparen% 
failed, and the Mueseler was objected to on account of the 
difficulty of keeping it lighted in such a thin seam. 

Having only the statements, with such observations aad 
experiments as were available without a proper testing 
apparatus, I could not take the responsibility of sanctioning 
the change unless fully satisfied of its security. I therefor© 
lost no time in availing myself of the kindness of Mr. J. T- 
Oreen, of Celjmen, to have the lamp tested in quick and 
varying currents of an explosive mixture. These tests, ft^ 
shown in the account appended to my printed paper, proved 
that the lamp certainly went out in an explosive mixtare^ 
but also that after the lamp went out gas continued to bum 
inside the gauze. Various methods were tried, until it wa^ 
found that, by closing the side inlets and lessening the siz© 
of the inlet and outlet apertures, the lamp became entirely 
self-extinguishing. In this modified form lamps have been 
made, and they are now being worked in the colliery alluded 
to, the result being, so far as it has yet come under my notice, 
that they suit the men in the working places, but, being 
more liable than the original Marsaut to go out when tilted* 
they are not liked for travelling with. 
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Having sent a copy of my Paper to Monsieur Marsaut, he 
lias favoured me with his views, to the following effect : — 

He says, that, at the commencement of his experiments, 
lie thought the continuance of gas burning inside the gauze 
after the lamp had gone out was dangerous, or at least that 
it would be better if got rid of, and the idea of restricting 
the apertures in order to obtain complete extinction occurred 
to him ; but, finding that he could not accomplish complete 
-extinction without sacrificing essential qualities of the lamp, 
he concluded, before making such a sacrifice, that it should 
1)6 shown that this continued burning of the gas inside the 
^uze constitutes any real danger. He considers that a 
relatiyely large quantity of air and gas is requisite to main- 
tain the flame of the lamp and to cool the gauzes and other 
parts, and that the shield, under all circumstances, has the 
<iffect of placing the lamp as if it were in the midst of a 
quiescent inflammable mixture, in which situation, as one 
gauze suffices to disperse the heat, it is much more effectively 
done with two gauzes ; and that, under such circumstances, 
tlie continued burning of the gas inside the gauze is nothing 
niore than a presumed danger — a feu follet— or Will-o'th- 
^isp ; and that as, in experimenting with the lamp having 
tie shield on, the Engineers of the French Commission, the 
^i^ineers of the Belgian Commission, and himself, were 
^^hle to make the flame pass out, it is desirable to retain 
*te present arrangement, and that as yet the necessity of 
^y alteration has not been demonstrated to him. 

Such being M. Marsaut's view, I have again, through the 
™dness of Mr. Green, had further tests made, in order to 
ascertain for what length of time gas burning inside the 
S^uze of the Marsaut is only a presumed danger, and if 
possible to explode the lamp ; and the following are the 
'^sults of 15 tests, without in any one instance passing the 
flame outside. 
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Nos. 1, 2, and 3, with the ordinary lateral explosive 
current in the testing box, continued respectively 11, 26, 
and 21 seconds. Others, with boards placed in the testing 
box so as to cause upward and downward currents — ^Nos» 
4 and 5, continued respectively 7 and 6 minutes, the gas 
burning in the lamp until shut off from the apparatus. 
Nos. 6, 7, 8, 10, and 11, continued respectively 3, 4, 10, 11» 
and 7 minutes. No. 9 continued 40 seconds. No. 12, with 
oil on the inner gauze and copper rings, which evaporated 
by the heat and condensed near the inlet apertures, con- 
tinued 1 hour and 22 minutes, when, apparently by a 
momentary irregularity in the current, the burning gas m 
the lamp went out — on this occasion when the lamp was 
removed from the testing apparatus the shield was found to 
be about 350 degrees Fahrenheit. Nos. 13 and 14 were 
continued respectively 22 and 40 seconds. No. 15 was con- 
tinned 15 minutes. 

The lamp, I may add, does not appear to be at all injured 
by the tests. 

It may be a fair inference that as the shield attained a 
temperature of about 350 degrees Fahrenheit in 1 hour aJ^^ 
22 minutes, the heat would in time, if an experiment W^r® 
continued long enough, become suflScient to pass the flaiJ^®* 
The tests show, however, that great reliance may be plac*^ 
upon the lamp ; and as it gives more than double the lig^ 
of the Davy, and does not go out easily when tilted, it Bee^^ 
likely to suit the requirements of many collieries, f^^ 
those who object to a lamp in which gas continues to bu^ 
inside the gauze in an explosive current, there is the hS^V 
in the modified form, with the smaller apertures. For tho^ 
unaccustomed to test for gas with the lamp in full flaro^' 
there is still the Davy, which, with the tin can, may, un^i^^ 
ordinary circumstances, be safely used by firemen for testixx?* 
But, with the Mueseler and the Marsaut to choose betwe^^' 
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there seems no longer any excuse for continuing to work 
with the Davy where it may become exposed to an explosive 
current. 



The President said that the subject of safety lamps was 
one in which, at present, great interest was being taken ; 
and the members must feel deeply indebted to a gentleman 
of Mr. Dickinson's authority for a paper of such interest 
and value. 

Mr. Teale, in criticising some of the points in Mr. 

Dickinson's former paper (read at the November meeting), 

observed that he should have felt some diffidence in speaking 

about the Marsaut lamp had not Mr. Dickinson mentioned 

tie discovery that, under certain conditions, gas continued 

to bum underneath the gauze after the light had gone out. 

That being the case, it seemed to him the lamp could only 

oe deemed safe within certain limitations. The burning of 

the gas must, if long continued, radiate sufficient heat to 

pass outside the gauze and ignite the surrounding atmos- 

paere. In the modified lamp, of course much was done to 

correct this defect. But there was one difficulty with regard 

to it which he could not get over — and it was this. In the 

^e of a safety lamp it was desirable to have the air as pure 

^ possible. If you reduce the inlet and outlet apertures 

to a small size the lamp may, in the main roads, bum 

particularly well; but in places where the atmosphere 

18 vitiated the light must be interfered with, because the 

pi^oducts of combustion have not the power of escaping 

^ readily as they ought. He would point out further, 

^th reference to the results arrived at by M. Marsaut, 

^ey had no means of knowing what tests he had used. 

They had no information at all as to his methods. 

■Ilere were one or two passages in Mr. Dickinson's 

^^Widation of M. Marsaut's paper to which he would 



244 

briefly refer. First, the covering up of the gauze — if it "^^ 
to have a loose top— might degenerate into a systems- oi 
having the top taken off, when the lamp got too hot, by^ tW 
men in the pit ; and that was a thing which ought t^cD be 
prevented. On the other hand, if you have a shield ^^)eiy 
manently fixed you have another difficulty — ^you caimnot 
examine the lamp effectively before allowing it to go d^own 
the pit. Then, the advantage claimed from the Mar^saut 
lamp with regard to tilting would bring danger witSn it 
which it would be well to bear in mind — that was a daoager 
arising out of the common practice of hanging the lamp^^ on 
the side of the coal, out of the perpendicular — when, if the^ 
flame impinged against the glass, it might so overheat L^A ^ 
to fracture it. Some tests which he had carried out him^i-self 
showed rather extraordinary results. The severest tes.^^ ^ 
which a lamp could be subjected was a test with gi^ure 
hydrogen gas : if it came through that satisfactorily^ ^^ 
might reasonably be considered safe. He had seen la^^^P* 

tested in this way — ^the Davy, Clanny, and Stephenson ^^^ 

lamp being placed in a tin can with an aperture at *^^ 
bottom connected with which was a flexible ti:==:^^"®' 
the top being closed in with a piece of card bo^^*'^* 
The release of gas from the bag instantly caused ^ 

explosion so severe as to remove the top from the can. ^^ 

Mr. Dickinson's paper (p. 187) it was stated with refere^^*^^ 
to the Marsaut : — " It does not fire in an explosive s^ ^^^ 
mixture of air and lighting gas, as has been proved "^ 
upwards of 12,000 trials at Bess^ges, when most of ^^^® 
other lamps did so, the Belgian Mueseler included." Tht— ^*' 
he thought, needed some explanation. The number ^^ 
experiments was certainly large, namely, 12,000, and ^* 
would have been an easy matter to have stated the nati-:;^^^ 
of the tests. On page 188 he found it stated :— " W^^^ 
three forms of the Marsaut lamp, testing two lamps of e^t^*^ 
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form^ upwards of six thoiisand trials failed to produce a 
single external explosion, whereas fifteen Belgian Mueselers 
tested simultaneously, each of them about a hundred times 
over, let the flame pass* through the horizontal gauze 
diaphragm in 31 per cent, of the trials, and in 2^ per cent, 
produced explosion outside the lamp." Now, in whatever 
way this passage was read it was open to question, because 
if the horizontal gauze was so defective as to pass the flame 
outside in 31 per cent, of the tests there would have been 
ext-emal explosions not only in 2^ per cent., but in the 
whole 31 per cent, if the experiments had been continued. 
Then it was said : — " The trials also show that the Davy of 
small diameter, still used in England by the fire-trier, but 
abandoned in the Anzin and Bess^ges collieries, presents 
important advantages, and if sufficiently protected against 
strong currents would possess a high degree of safety." 
Cork, if surrounded in the same way as the Marsaut 
lamp, would practically present the same results. M. 
Marsaut said, with regard to the mesh of the wire gauze, 
that the finer it was the safer the lamp would be, 
but he (Mr. Teale) failed to see this. His experience 
showed rather the contrary to be the fact. So long as you 
allow sufficient apertures for the admission of air to support 
combustion, then the stronger the wire is the longer the 
lamp will stand a certain test in an explosive mixture ; 
whereas the finer the wire the more easily it is exploded. 
Coming next to the photometric tests of these lamps — ^here 
again was an entire absence of any explanation as to how 
the tests had been made, and certainly they were not 
calculated to give confidence in the results. The compara- 



♦Mr. Grimke, in vol. xvi., page 378, states: — "We put the Mueseler 
lamps into one of our mines, and they proved a failure, as I myself have seen 
them fire three or four times over. The only question with us was whether 
the flame of the gas went up the chimney or through the horizontal 
gauze." — ^Ed. 
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tive lighting power of various lamps tried by M. Marsaut 
was given — English standard sperm candles of six to the 
pound, burning 120 grains per hour being 100 — and in the 
table the Belgian Mueseler was given as 49 compared witb 
the English Mueseler 44. Now, as against this, he would 
quote the authority of Professor Wills. This gentleman 
tested most carefully the actual working of the lamp and 
the action of the air on the light with regard to its photo- 
metric value, and he showed unmistakably — and anyone who 
would take the trouble to make the test for himself would 
be thoroughly satisfied — that, taking the Clanny and the 
Mueseler both with the same class of glass and size of fram^i 
exactly alike, there was a difference of something like 20 or 
25 per cent, in favour of the Mueseler type of lamp. These 
were experiments which he (Mr. Teale) had himself tre- 
quently repeated ; and in all cases he found that to be the 
case. It was easily explained, because in the Clanny lamp 
the air comes in at the top and reduces the light-givi^^g 
power, whereas in the other it comes in from below, reachi^S 
first, in its passage, the coolest part of the flame. To k:^®P 
the lamp in a condition of greatest safety it was necesa^^ 
to get rid of the heated results of combustion as rapidl^^ ^ 
possible. If they had a chimney inside the lamp, surrounc^®^ 
by flame, it would rapidly become red hot, and in t^^ 
condition, without a shield, it was infinitely more danger^^^^^ 
than the Davy lamp, and would fire in a less space of tic::^^^' 
Mr. Dickinson said that M. Marsaut's tests (referring to t^*^® 

Boty, Clanny, and Belgian Mueseler lamps) " point unm ^^' 

takeably to the desirability of reducing to the utmost bc^^ 
the total internal volume of a safety lamp, and also i^^^^ 
height of the glass, since the blind space enclosed by i^^^^ 
glass acts like a cannon in propelling the inside explosi-^^^ 
violently against the gauze, and so driving the flame c^^t 
through it.'' He (Mr. Teale) challenged this. He wo«-^ 
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t go the length of saying that he had made six thousand 
twelve thousand tests^ but he had made many hundreds of 
its in all conditions of still explosive gases — ^hydrogen, coal 
8, and pit gas — ^in every way and shape, and he had f ailed, 
th the Belgian Mueseler lamp ever to cause an explosion 
tside the lamp ; and certainly he would like, if an oppor- 
lity presented itself, that M. Marsaut should explain by 
lat process he effected the results described. It was, in 
) opinion, most important that they should know that, 
lere were, at the present time, over 150,000 Mueseler 
nps in use in the United Kingdom, and if the Mueseler 
)uld explode in an atmosphere of gas it was quite time 
at its use was put a stop to, as well as the Davy. Then 

the matter of testing for gas it was stated that '^ the plan 
dg in vogue at the Bess^ges of ascertaining the presence 
fire damp by measuring the elongation of the lamp's full 
me is safer than reducing the flame to the utmost for the 
rpose of seeing the blue cap of gas better ; the elongation 

the flame is always a sufficient indication." His expe- 
ince was, if it was desired to ascertain a small per centage 

gas a small flame was decidedly the best to try it with. 

it was carefully done the fireman would ascertain near 
ough for the purpose required ; and he should think it 
>uld be a questionable practice to give instructions to 
086 inspecting mines to use tKeir lamps at full flame, 
^ause they would pass many places containing a per 
iitage of gas which ought not to exist. He would simply, 

conclusion, repeat that they ought to have from M. 
^rsaut some explanation of the method he adopted of 
sting these various lamps. In conversation with Mr. 
ickinson, in regard to this matter, that gentleman made one 
"Diark which he thought was very pertinent. "There are," 
) said, " tests and tests ; " and that might account for certain 
•suits which would hardly be borne out upon investigation. 
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Mr. Macalpine said he liad had some little experience of 
the Marsaut lamp at the Moorfield Colliery, near Accring- 
i»n, and there were one or two points in connection with it 
upon which he might perhaps express an opinion. To 
begin with the light-giving power of the lamp, the question 
arose in his mind whether they were dealing with a lamp 
which, on account of its restricted area for inlet and outlet, 
was very much inferior to the Mueseler. He, therefore, 
oonstructed a simple photometer for the purpose of 
measuring the light-giving power of these lamps for him- 
self. The measurements were easily readable within 2 
per cent., and the result was as follows : — First of all, he 
took one of the Protector Mueselers and one of the 
Marsauts. The two lamps were precisely similar, with the 
exception that one had a Mueseler top, the other a Marsaut 
top. Out of five experiments, which he tried at different 
times, after the lamps had been trimmed separately — ^that 
was to say, one experiment after each trimming of the two 
lamps — out of these five experiments he could not get a 
variation of more than 4 per cent, in the light-giving power 
of the lamp. Twice it was in favour of the Mueseler, 
twice in favour of the Marsaut, and once they indicated 
alike. The result of the experiments was this, that the 
average of the tests was in each case 100 — that was to say, 
the Mueseler and the Marsaut were equal. "With regard to 
the test for light, he might remark that it was extremely 
difficult to test, as was usually done, to the sperm candle. 
Two sperm candles, which appear perfectly alike, will give 
in burning a very great difference in total effect — ^a dife^ 
ence of something like 11 per cent., whilst the variation at 
at any one moment may be as high as 37 per cent., so that 
there is an enormous margin for error. But, on the other 
hand, if two lamps were compared the result might be very 
different. Mr. Teale's lamp had the merit of burning with 
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preat steadiness, and for an hour together there would 
ry little Tariation in the amount of light given. After 
experiments he proceeded to test the Marsaut and the 
3ler burning with oil. The lamps again were of 
y the same pattern, with the exception of the tops ; 
reas were very much the same, and the result was 
ely similar. There was very little Tariation indeed in 
S^ht-giving power of the lamps — ^not more than one or 
er cent. When, however, the shield was put on the 
3ler — and there are many who do not consider the 
3ler safe without the shield — ^the amount of light which 
iven with the oil Mueseler, with the shield, was 81 
3nt. as compared with the Protector lamp, against 87 
)nt. given with the Mueseler without the shield.* On 
;her hand, bringing the Marsaut lamp into something 
;he condition of M. Marsaut's lamp, so far as the 



* Comparison of Mueselbb, and Mabsavt Safety Lamps. 




Weight 
Trimmed. 


Abkab. 


Height of 
Fuune. 


COMPARATITB 
LiGHTmO POWBB. 




Mueseler 

burning 

spirit^l^ 


Sperm 
Candle 

burning 
lao gr. per 

hr.— 100. 




Inlet. 


Outlet. 


Chim'ey 


r burning spirit . . 

if 
let and outlet con- 
9 suggested by Mr. 

: burning oil .... 
itto with shield 
burning oil .... 
let and outlet oon- 
s suggested by Mr. 

•uminff oil, with 
moved 


lbs. oz. 
3 2 
3 6 

3 0} 
3 4 
3 5 

• • 
2 5 


Square 

Mlllimn. 

640 

224 
252 

• • 

• • 


Square 

Millims. 

330 

• • 

large. 
385 

■ . 
• • 


Square 
Millims. 

87 

• • 

78 
78 

. • 

• • 

• • 


MilU- 

metres. 

29 

29 

21 
21 
21 

21 
21 


100 
100 

87 
81 
87 

102 
32 


• 
56 to 60 


bly compare better 
Iff power with Mar- 
lamp.) 

jming oil 





—The bottoms, glasses, and frames of the lamps bracketed together were of 
e same pattern. 
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amount of air was concemedy and raising the can from tla^ 
Marsant lamp, the oil lamp gave 2 per cent, more light tlkjssi 
the Protector. The result of these experiments ^^iiraf 
thoronghl J to satisfy him on this point — that we hav^^ i 
the Marsaut, with the restricted openings, as modifiecL b 
Mr. Dickinson, a lamp that will give an equal light in th 
mine to the Mueseler, and he did not think that fc^Jia 
condition of affidrs would be altered in the mine, becs^o^ 
he did not believe that there would be any more restricCaoo 
of the air reaching the flame in the Marsaut than there t^ 
in the Mueseler. So much with regard to the light-giv^io^ 
power of the lamp. Now with regard to its handiness. Bis 
firm worked a very low mine (often not more than 2ft. Gin.), 
in which it would, of course, be almost impossible to work 
with the Mueseler. With the Marsaut, which has beeiv 
introduced since the explosion in Noyember last, they fovad 
no difficulty so far as the men were concerned ; they like^ 
the lamp, and after the first day or two no inconvenience 
was felt in its use. The men were at first a little bothere^^ 
in getting to their places, but that was the only inconveni — 
ence they experienced. On the other hand, the drawer^ 
had, and still have, considerable difficulty. What with th^ 
tenderness of the lamp, owing to the use of spirit, and it^ 
tenderness so far as tipping was concerned, they had no^ 
got on very well with it. He quite expected, however 
when they introduced the oil lamp, as was proposed, for the 
drawers these difficulties would cease. He found that th 
oil lamp was not a particularly tender lamp, in th 
Marsaut form, even with the restricted areas. It would 1 
almost impertinent for him to speak as to the safety of f 
lamp. To him Mr. Dickinson's experiments seemed yc 
satis&ctory ; and the tone of M. Marsaut's paper, and i 
extracts which Mr. Dickinson had furnished, had a boh 
what different effect upon his mind from what it seemec 
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have on Mr. Teale's — possibly because he (Mr. Macalpine) 
had not had as much experience as that gentleman. At any 
rate it seemed to him to be a very carefully- written paper^ 
and one on which they might rely. He did not see why the 
conditions under which gas burned in the Marsaut should 
not be comparatively safe if they took into consideration the 
fact that there were very small inlets, that a very limited 
quantity of the explosiye mixture goes into the lamp, and 
that there was a large area of gauze to disperse the heat. The 
K^nditions were altogether different from those in the 
Mueseler. He must express his own indebtedness to Mr. 
JDickinson. If he had not come forward with the Marsaut 
lamp when he did, he (Mr. Macalpine) did not know what 
^ey would have done. It had in the Altham mine taken 
i^e place of the Davy, and taken it well. 

Mr. Dickinson said he had condensed M. Marsaut's state- 
ments very considerably. M. Marsaut went into the subject 
very minutely, his observations occupying eight pages of 
large quarto paper, but he had given the meeting all the 
essential points. 
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ON THE PIELER LAMP FOR INDICATING SM 

QUANTITIES OF FIRE-DAMP. 

By C. Lb Neve Foster, B.A., D.Sc., F.G.S. 



The object of my -paper is to call attention to 

simple methods of testing 

air of mines, which are des( 

in a pamphlet * written 

year by Herr Pieler, a Gc 

mining engineer, formerly i 

Prussian Government servic 

now manager of some colliei 

Dortmund. 

•cbQibeA— ¥^ Herr Pieler considers th 

Y I percentages of fire-damp an 

• H bonic acid in the atmosph 

collieries should be deter 
daily and carefully recorde 
tabulated. The plan he ac 
at the Gouley Colliery, 
Aix - la - Chapelle, consist 
ascertaining the quantity o 
damp by experiments carri 
both above ground and t 
ground. 

At some convenient pla 
the surface he set up a 
drical aspirator (Fig. If) h( 
15 gallons (70 litres), and, pi 
it in communication witl 
Pig. 1. upcast shaft by a pipe, he c 

♦ " TJeber einfache Methoden zur Untersuchung der Grubenwette 
Ft. Pieler ; published by Rudolph Barth, Aix-la-ChapeUe, 1883. pp. 1 
6 woodcuts, price one shilling. 

t The blocks for the illustrations haye been kindly lent by the pub 
at Herr Pieler's request. 




r g^radually to become filled with the air of the mine by 
[lowing tihe water contained in it to run oat slowly, 
lie open top of the aspirator was then filled with wator, 
ad by properly turning the cocks the sample of air was 
>rGed out gradually; it was tested for fire-damp by 
bserring the efiTect it produced upon a burning jet of 
ydrogen when allowed to issue all round the flame. 
Hg. 3 shows the hydrogen generator, and Fig. 3 the 





Kg:, a. 



Fig. 3. 



bomer, surrounded by a pipe supplied with air from the 
wpirator. MM. Mallard and Le Chitolier, of the French 
?^-damp Commission, have pointed out the Talne of the 
lydrogen flame as a fire-damp indicator, but for making 
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XI 



t, 
in 

y 

OS 



experiments underground there are difficulties in getting 

conyenient portable hydrogen lamp. 

Herr Pieler finds that J per cent, of fire-damp gives 

*' cap *' or aureola ^ inch (20 mm. high), which increai 

considerably in height and also 
intensity of colour as the proportL 
of fire-damp rises. With practS. 
any proportion between J and 3 
cent, can be estimated within 
quarter of a per cent. 

Knowing the size of the upo 
shaft and the Telocity of the curr» 
and having made a determinate 
of the percentage of fire-damp 
means of the hydrogen flame, it^ 
easy to calculate the total quanfei"*7 
of firedamp issuing from the 
every day. 

For use imderground Herr 
ler's spirit-lamp is more convenie^^t 
than a hydrogen lamp, and according 
to his experiments it affords sharp^^ 
indications of small quantities o^ 
fire-damp. I will now give a trans- 
lation of Herr Pieler's description 
of it: — 

"The spirit-lamp, which serves 
** for the examination in the mine, 
"is a suitably altered Davy lamp 
Fig. 4. " (Fig. 4). In order to produce » 

clean and regular flame, it is necessary to prevent any 
vapour of the spirit from acting on it. The wick ^ 
''therefore carried closely in a long neck, and all tb^ 
^'joints are made to shut tightly. The flame is regulated 




a 



t 



4i 
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by means of a screw, which passes through a simple 
fituffing-box at the bottom of the spirit-holder. It is 
advisable to make the latter rather larger than in an oil- 
lamp, so as to be able to carry a sufficient amount of spirit 
for a journey through the workings. The wire gauze 
must be made somewhat higher than usual in order to 
Bdmit of the full development of the 'cap' or aureola. 
A small converging chimney is fixed above the burner ; it 
liides the flame for a height of 1-^ inch (30 mm.), and 
furnishes a fixed starting point for estimating the height 
Df the cap. The best spirit to use is absolute alcohol. 

'* The method of testing air with the spirit-lamp is pre- 
cisely the same as with the ordinary Davy lamp. It i& 
^visable beforehand to regulate the flame in pure air, sa 
i^hat the point of it is on a level with the top of the 
chimney. 

** According to the experiments made hitherto, the cap 
9vhich shows itself in air mixed with small quantities of 
ire-damp behaves as follows : — With ^ per cent, of fire- 
lamp it is sKghtly luminous, of a bluish-grey colour, fading 
Lway on the outside, and about 1^ inch (30 mm.) high* 
*' With i per cent, it is 2 inches to 2J inches (50 mm. to 
30 mm.) high, more sharply defined at its lower end, but 
(till fading away above. 

** With I per cent, the blue colour appears more plainly ; 
ihe edges are sharper and the length of the conical cap i& 
ibout 3 inches (75 mm.) 

*' With 1 per cent, the cone is 3^ inches (90 mm.) high,, 
iharply defined and of an intense blue colour. With a 
larger percentage the cap increases still further in height, 
ivith 1^ per cent, it is 4 inches (100 mm.) high, with If 
per cent. 4| inches (120 mm.), and with 1| it reaches the 
top of the lamp. The luminosity increases in proportion 
md the colour becomes deep blue. 



"With 2 per cent, the top of the cap wideoa o 
" deoidedlj, and with higher percentages it coctinnee 
" flxpand until the inside of Hie gauze is filled with it. Z 
" mizturee containing as much fire>dainp as these, the Da. 
" oil-lamp exhibits a cap if the wick is drawn down till H 
" luminoae part all but T&nishes." 

For determining the proportion of carbonic acid q 
Herr Pieler employs a specially constructed Winkler bure 
(Fig. 5), terminating in a long graduated narrow stem, w}». 
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enables single thonsandths of die contents (50 cubic cesti' 
metres) to be read off with ease. The carbonic acid v 



267 

fiorbed bj a solution of potash^ and the reduction in 
lume shows the amount of the gas originally present. 
Herr Pieler concludes his pamphlet by a copy of the 
onthly table kept at Gouley mine, which gives details con- 
tming the quantity of coal rai^, men and horses 
nployed, working places, area of workings ventilated, 
ngth of air- ways, total quantity of air passed through the 
3rkings, quantity per man and per ton of coal, total 
aount of fire-damp evolved in 24 hours, amount per 1,000 
uare metres of area of coal seam, amount per ton of coal 
ified, percentage of carbonic acid gas, and amount of car- 
nic acid gas evolved by the coal in 24 hours. 
The amount of fire-damp evolved per ton of coal raised 
INovember, 1882, varied from 111 to 949 cubic feet (3-15 
26'88 cubic metres) in different parts of the workings. 
"We now come to the practical question : "Is it necessary 
>T important to have better means of determining the 
presence of fire-damp than by the ordinary safety-lamp ?" 
iiliink there is no doubt that this question should be 
Lswered in the affirmative. According to competent 
^servers it is practically impossible to detect the presence 
: fire-damp with an ordinary oil safety-lamp when the 
foportion falls below 2 per cent.* The experiments of Mr. 
alloway, which have been confirmed and extended by Sir 
rederick Abel, show that if a colliery is dusty the air may 
e rendered explosive by less than 2 per cent, of fire-damp ; 
^ other words the atmosphere may be dangerous to the 
filler without his being able to ascertain the fact.t Under 
hese circumstances it is surely of great importance to 

* W. Galloway, ** On the Fire-damp Cap,'* Proc. South Wales Institute of 
^**9ineer8, vol. x., page 290, and F. A. Abel, ** Report on the results of 
^^P^riments made with some of the dust at Seaham," Reports of H,M. 
^^^peciwB of Mines for 1880, p. 439. 

1 5*. A. Abel, Ibidem, and Preliminary Report of Ser Majesty* s Commissioners 
appointed to enquire into Accidents in Mines, 1881, pp. xi. and 444. 
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obtain an instrument which will discover the presence of 
the dangerous invisible enemy, even when existing in 
very small proportions. In my opinion the Pieler lamp 
seems likely to render useful services in this direction. 
It is very simple and portable, and as its indications 
resemble, save in degree, those of an ordinary safety-lamp, 
any intelligent man would soon learn how to use it effec- 
tually. There is the disadvantage, however, that as it 
gives very little light he must carry an ordinary lamp to 
illuminate his path. I think it is necessary also to guard 
the spirit-lamp from violent jerks, for a sharp shake will 
«ject a little spirit, which makes a large flame inside the 
gauze. This might be dangerous in a strong current. In 
order to obviate this risk, the reservoir might be filled with 
sponge ; but I may remark that the spirit-lamp would 
always be in the hands pf a special person, and would there- 
fore be less likely to meet with rough usage than the lamp 
of an ordinary collier. 

I find that my friends Professors Kreischer and Winkler, 
of Freiberg, in a report lately made to the Commission for 
revising mining regulations in Saxony,* fully confirm Herr^ 
Pieler's statements concerning the sensitiveness of his lamp^ 
to fire-damp. Their words are: "This lamp begins to 
^* indicate with about ^ per cent, of fire-damp ; with ^ per 
"cent, it shows a clearly recognisable aureola, whi<i^ 
" deepens in colour with f per cent., and with 1 per cent« ^* 
^' nearly 4 inches (1 decimetre) long." 

In writing to me a few weeks ago, Herr Pieler inforn^u.ed 
me that the spirit-lamp is being regularly used at numercr^^^ 
collieries in Westphalia and everywhere with good resulti^^* 

^Jahrhueh fur da9 Berg- und ffuttenwesen im Konigreiehe Saehtm avf ^^ 
Jahr, J884y p. 77. 
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Woodward said he would like to know if the trials 
en made actually in the mine, because the indications 
vary considerably, according to the quality of the 
whether it was mixed with a large percentage of 
ic acid — ^in which case the effects would be different 
rhat they would be in the case of pure carburetted 
jen. 

Dickinson said Mr. Woodward's question was a very 
ant one. He thought it was Mr. Teale, in his remarks 

preceding papers, who referred to elongated caps, 
everyone who had had much experience of fire-damp 
perfectly that you do not get a cap of two or three 
in length unless the gas is mixed with some impurity, 
i black damp, or the human breath, or the products 
ibustion. You have to judge by the intensity of the 

as well as by the length of the cap. There were 
amps now in use in which spirit was used ; and in 
rj circumstances they would see a very much larger 
bh the Protector lamp than with the oil lamp ; in fact, 
look at the Protector lamp at times even when there 
as, you may see a slight cap upon it ; but what was 
. was to have a certain indicator, and not a lamp 
would indicate one thing in one pit and another thing 
her, or one thing in one part of a pit and another 
n another part of the same pit. 
Woodward said another question arose, namely, as to 
e lamp would behave in gas in which you get no cap 
-where it fires suddenly. In certain mines in Lan- 

the gas is known to fire without presenting any cap 
lamp. He quite agreed with Mr. Dickinson's obser- 
I on the use of spirit ; he had himself seen the same 
and had been even in doubt whether there was a cap 
I lamp or not. It was impossible to tell, and he 
d whether this was not owing to the very high 
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temperature at wliich spirit bums as compared with oidinai 
oiL 

Mr. Martin said he understood the special purpose of tl 
lamp described by Dr. Le Neve Foster to be the indicatic 
of small percentages of gas. 

Mr. Woodward observed that the lamp would be f oui 
to behaye yerj differentl j in different atmospheres. In g 
mixed with carbonic acid it would give a very differe] 
indication from what it would in pure carburettc 
hydrogen. 

Mr. Martin : Where the cap will show in an ordinal 
lamp^ say half an inch or an inch, the Pieler lamp would n< 
be required. The special object of this lamp is, as I imdei 
stand it^ to detect smaller percentages of gas than a 
ordinary lamp would show, and, from the experiments whie 
have been made^ it would probably be especially usefu 
where shot-firing is carried on. 

Mr. Teale said it appeared to him that the lamp describe 
by Dr. Le Neve Foster was a very interesting arrangemen 
for detecting small percentages of gas^ and he thought i 
was the only lamp by which such small percentages coul* 
be ascertained. He could quite understand the working c 
the lamp, and looked upon it as extremely reliable, becaus 
the temperature maintained was so high that it must at one 
reveal the presence of hydrogen, and show the cap fairlj 
He believed the smallest proportion of gas discoverable b; 
means of an ordinary lamp was one in sixty. The Frotecto 
lamp would be found to exhibit a smaller percentage of ga 
than an oil lamp, because of the higher temperature of tk 
flame. 

Mr. Henry Hall said he imderstood that the spirit used b 
the Protector lamp, and in the lamp described by Dr. Le Ner 
Foster, produced a flame of much higher temperature tha3 
oiL Might not this be a source of danger P Suppose anj 
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of the spirit, through the jerking about of the lamp in the 
pit, was thrown upon the gauze of the lamp, oil under those 
circumstances would not bum, but the spirit would bum 
with such intense heat as possibly to light the gas outside. 
Mr. Teale said the effect produced would not be such as 
Hr. Hall supposed. In a lighted lamp the gauze became so 
heated that any spirit falling upon it would not adhere, and 
consequently would not ignite. There was, therefore, na 
possibility of the flame being carried through. 

Mr. Macalfine observed that, shortly after he introduced 
the Protector lamp, he was in an air- way with his manager, 
and screwed down the lamp very low, when he was surprised 
to £nd gas indicated.* This was in a fresh-air way. There 
w^as a distinct cap on the lamp. On testing with a Davy,. 
However, he could find none, and he could well believe that 
ih.eie was none, because they were not many yards away 
^m the shaft. Mr. Dickinson was in his office a few days 
afterwards when he had one of those Protector lamps 
jilted : he screwed it down again and put it under the 
^^sk, out of the day light, aud again even there, gas was 
^dicated. When you go into a dark room and turn an 
^J^dinary gas jet low enough, you will find there is gas 
^dicated there too. Encircling the blue flame on the burner 
^d the small speck of white flame above it, a blue flame is 
^^istinctly seen of a deeper shade than the former. 

Dr. Lb Neve Foster, replying to the questions and 
^l>8ervations of various speakers, said — first, as to whether 
^Ms lamp had been tried in the mine with gas : he knew 
Herr Pieler had tried it continuously in mines, and it was 
Wng largely used in mines at the present time for the pur- 

* Mr. J. S» Borrows says, vol. zvi., page 368, that mineral oil shows a blue 
^p without the presence of gas. Mr. IJnsworth confirmed the statement. 

If the lamp is not constructed so as to prevent any vapour escaping out 
^i the mineral oil reservoir from coming in contact with the flame, the 
^ is readily explained. — Ed. 
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pose of detecting small quantities of fire-damp. He stated 
in his paper that it was in practical use abroad for that 
purpose. Another point was whether the presence of 
carbonic acid gas would affect the indications of the lamp. 
So far as he could judge from Herr Pieler^s pamphlet he 
should say that the amounts of carbonic acid gas ordinarily 
occurring in mines would not appreciably affect the result, 
and Herr Pieler mentioned cases where the amount of car- 
bonic acid gas approached one per cent. Furthermore, in a 
report upon safety lamps lately made to the Saxon Govern- 
ment* by the Professor of Mining at Freiberg and the Pro- 
fessor of Chemistry, it was stated, as the result of numerous 
experiments, that even when the carbonic acid gas amoimted 
to five per cent, the indications of ordinary safety lamps 
were not decidedly altered. He wished also to correct &. 
misapprehension with regard to the word "spirit." 0£ 
course there were different kinds of spirit. It had beeia 
assumed by one of the speakers that the spirit which wae 
used in the Pieler lamp was the same as that used in the 
Protector. Such, however, was not the case. In the one 
case it was alcohol that was used ; in the other it was ^ 
mineral oil. In the Pieler lamp it was spirits of wine — 
alcohol — or, if desired, any one might use in place of tha.'i 
the cheaper commercial methylated spirit. The questioK3 
had also been asked — ^how would the lamp behave in a«3 
atmosphere where there was no gas P He felt convinced 
that it would show fire-damp in a large number of min&fi 
where fire-damp was not supposed to exist ; another question* 
was asked by one gentleman, whether it would show a capo^ 
fire-damp in cases where the gas with an ordinary Davy lamp 
exploded suddenly without any previous warning by a "cap/ 

* '' TJntersuchungen iiber SicherheitBlampen," G. TCrmi^hfifr and CL 
Winkler, Jahrhueh fur daa Berg- und ffiittenwesm im Komgreieke Skehm 9^ 
datJahr 1884, pp. 11 and 76. 
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To that question he could give no answer ; but he should be 

very happy to lend the lamp to any gentleman who might 

Uriah to make this experiment for himself. He might 

mention that he had had the lamp in his possession only 

a1>out a fortnight. He had tried experiments at home 

wdth ordinary gas^ placing an ordinary safety lamp and 

tlie Fieler lamp side by side^ in precisely the same atmos- 

pliere of mixed ordinary gas and air. In mixtures which 

stiowed no cap whatever in the ordinary Davy lamp when 

drawn down quite low, he got a very decided cap — ^indeed a 

very long cap — with the Pieler lamp. Mr. Hall had 

remarked upon what he thought might be a possible danger 

from spirit escaping if the lamp had a very violent jerk. 

He (Dr. Le Neve Foster) had already alluded to this in his 

paper ; he found, if he gave the lamp a sharp jerk, a little 

spirit came out and burned on the inside of the gauze ; and 

it occurred to him that in order to prevent the possibility of 

MI accident of that kind — supposing that there was danger 

from it — ^the reservoir might be filled with cotton wool, or 

^th sponge, in order to prevent any loose spirit being 

Jerked about. At the same time he thought it was fair to 

*he inventor to remark that the amount of spirit that could 

^ jerked out in that way was small and was very rapidly 

^Hsumed ; and in no case did he see the gauze get very 

^Uch heated. It required a very considerable jerk to get 

^y of the spirit out at all. On the other hand, if the lamp 

• 

18 Very much inclined for a time, a little spirit may run out 
^^d bum ; and it was with these facts in his mind that he 
PJX>posed that cotton wool should be inserted in the 

^^servoir. 

In answer to a question by Mr. Teale, as to the rate of 
^Hsumpbion of ordinary methylated spirit. 

Dr. Le Neve Foster said he could give no precise 
iiiformation on that point, but he had had the lamp partly 
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filled, and burning for several hours without the 
being consumed. The flame was comparatively i 
the wick having to be screwed down until it was a 
flush with the top of the wick-holder. In that resj: 
was not like an ordinary spirit lamp, where the 
projected a good deaL 

Mr. Dickinson: Mr. Teale may perhaps tell us wl 
he does not in all the Protector lamps use the sponge 
pour oS all the spirit except what the sponge holds. 

Mr. Teale said that that was so. 

Dr. Le Neve Foster remarked that a lamp 
as the Fieler would not be entrusted to an ord 
oollier. Only one such lamp probably would be ii 
at a pity or at one part of a pit, and a trusty p 
would go down occasionally, or daily if necei 
and make observations with it. There would, i 
fore, be little danger of any spilling of spirit, alth 
no doubt it was desirable to provide against su 
<5onting3ncy. 

Mr. Dickinson : Clearly the special use of that lamj 
colliery would be as a testing lamp, to be placed in the 1 
of the fireman. 

The President said he would have to carry another 
with him for lighting purposes. 

Dr. Le Neve Foster : This is a lamp that would be n 
for the examination of places where gas is not knoT^ 
exist, or of collieries which are considered to be perf ectlj 
from gas, to see whether there may not be gas pre 
One hears at times of explosions in mines which 
previously been considered free from gas, and wo 
with naked lights. It is possible, if these mines had i 
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examined with a lamp of this kind^ the presence of fire- 
damp would have been detected, and colliery managers 
would have been put on their guard before the explosion 
happened. 



[Mr. Dickinson desires to add that since the paper was 

read he and Mr. Martin, through the kindness of Mr. 

Woodward, have had an opportunity of testing the Pieler 

lamp in the Newtown Colliery. The screen for sending air 

by brattice to the face having been removed until the air 

became impregnated with sufficient fire-damp to show 

nearly quarter of an inch in the Davy lamp, the Pieler was 

then tried, and it showed about two inches of cap — ^thus 

proving the very great superiority of the Pieler for testing 

purposes. The tests were repeated with the Davy following 

the Pieler, with the same result. — ^Ed.] 
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MANCHESTER GEOLOGICAL SOCIETY. 



iT XY. Vol. XVII. Session 1883-4. 



^t the Ordinary Meeting of the Members of the 
dety, held on Friday, the 7th day of March, 1884, in 
Mining School, Wigan ; 

VTalter Topping, Esq., in the Chair. 



^he following are the recent additions to the Library : — 

ornwall: Royal Geological Society of — Transactions, Vol. X., Part 6; 
*n the Swnety. Cornwall: Royal Institute of — Journal, Vol. VIH., 
t 1 ; From the Institute. Geological Magazine : January, February, 
^ih, April (Nob. 235 — 237) ; Purchased, Leicester Literary and Philo- 
lical Society : Transactions for Years 1870-79 ; From the Society, 
idon : Geologists* Association — Proceedings, Vol. VEII., Part 4 ; and 
lual Report for 1883 ; From the Association. London : Geological 
iety— Quarterly Journal, No. 157, Vol. XL., Part 1 ; From the Society. 
^don : Institute of Mechanical Engineers — Proceedings, No. 4, November, 
3, and No. 1, January, 1884; From the Institute. London: Iron and 
-1 Institute — Journal, No. 2, 1883, and Catalogue of the Library ; From 
Institute. London : Royal Institution — Proceedings, No. 76, Vol. X., 
t 2. From the Institution. London : Royal Society — Proceedings, 
J. 227-229, Vols. XXXV. and XXXVI. ; From the Society. London 
lety for Psychical Research : Vol. I., Part 4 ; From the Society, 
^^ing Institute of Scotland : Transactions, Vol. V., part 7 ; From the 
^itute. North of England Institute of Engineers: Transactions, Vol. 
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XXXIII., Parts 2 and 3 ; From the Institute. Oxford University : Cata- 
logue of Books added to the Radcliffe library in 1883. Peacock, R. A., 
C.E., F.G.S. : Saturated Steam as the Motive Power in Volcanoes and 
Earthquakes; From the Author. Science Monthly: Illustrated Journal, 
VoL I., Parts 1-6 ; From the Editor. Scientific Students' Association : 
Report and Proceedings for 1883 ; From the Association. South Wales 
Institute of Engineers : Vol. XIII., No. 6 ; From the Institute. Stirrup, 
Mark : Pamphlet on the Antiquity of Man in Great Britain, read before 
the French Association for Advancement of Sciences, in Reims, 1880; 
From the Author. Yorkshire Geological and Polytechnic Society: New 
Series, Vol. VIII., Part 2; Frotn the Society, Dundee Free Library: ^ 
Annual Report for 1883 ; Liverpool Free Library : Annual Report fon^-, 
1883. Museum of Comparative Zoology, Cambridge, U.S.A. : Annim'^ 
Report of the Curator, 1882-3 ; Bulletin, Vol. XI., Nos. 3 and 4; 

Alexander Agassiz. . American Institute of Mining Engineers : Vol, XI. 

From the Imtitute. Geological and Natural History Survey of O 
Report of Progress, 1880-81-82, with maps; From Alfred R. C. Selwy\ 
F.R.8. Montreal Natural History Society : The Canadian Record, Vol. 
No. I. ; From the Society. Melbourne : Observations on New Vegetab^^zzjJe 
Fossils of the Auriferous Drifts, by Baron F. von Mueller, Govemme at 

Geologist of Victoria ; From the Department of Mines and Water Supp^^^f. 
Melbourne: Reports of the Mining Surveyors and Registrars, Victo: 
Quarter ending 30th September, 1883 ; From the Department of Mines a 




Water Supply. Academic Imperiale des Sciences de St. P^tersbour^^^; 
Memoires VlI.e Serie, Tome XXXI., Nos. 5-9 ; Bulletin, Tome XXVLL ~^^ 
Nos. 3 and 4 ; and No. 1, Tome XXIX. ; From the Academy. R. Acc^^^- 
demei dei Lincei : Transimti, Vol. VII., Fasc® 16ed nit. ; Vol. VIL JT., 
Fasc" 1-6 ; From the Academy. Society Toscana di Scienze Naturali, Pisa- 
Processi Verbali, Vol. IV., Parts 1 and 2 ; From the Society, Sod^t^ 
Geologique du Nord, LiUe : Annales, Tome X., 1882-83 ; From the Soeiefy. 
Soci^te Malacologique de Belgique : Annales, Tome XVII. (3d Serie^ Tome 
n., 1882), Tome XIII. (2d Serie, Tome HI., 1878); Sundry Parts of Rrooa 
Verbal for Years 1880-1883; From the Society. Soci6t6 Vaudoise d« 
Sciences Naturelles, Lausanne ; Bulletin 2« Serie, Vol. XIX. (No. 89) ; 
FVom the Society, Verein fiir Erdkunde: Halle a/s, Mittheflungen* 
fiir 1883; From the Society. Revue de la Legislation des Mines, ptf 
Emile Delecroix : Mars, 1884, Part 1 ; Presented by the Author. Sulfsegvi^ 
Farts Subscribed for. 
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^VeHAT WILL THE ROYAL COMMISSION REPORT 
AS TO LIGHTING AND BLASTING IN MINES P 

By Henry Hall, H.M/8 Inspector of Mines. 



During the four years that Her Majesty's Commissioners 
appointed to inquire into accidents in mines have been 
sitting, there has naturally been a disinclination on the part 
of those responsible for the security of mines to introduce 
any radical change in the precautionary measures usually 
adopted, because it has been felt that any recommendations 
the Commissioners might eventually make would carry great 
"height even to the extent of special legislation to enforce 
the more pressing and important, and thus expenditure 
^ight have been made for an object, at the time apparently 
desirable, but which the completed inquiry of the Commis- 
sioners might prove to be imdesirable. 

But although from this cause the practical application of 
^ditional precautionary measures may to a great extent 
liave been in abeyance, yet it can by no means be held that 
tile experience of the last four years of mining has taught 
110 important lessons. In these days of scientific knowledge 
*nd applied science it would be impossible for such to be the 
<^; indeed, as a matter of fact, perhaps in no previous 
^iDiilar period in the history of mining has so much thought 
^d experiment been bestowed to gain a thorough know- 
ledge of the various phenomena that present themselves, 
[ ^d 80 satisfactorily to guard against such as threaten the 
Purity of the workpeople, and all those whose daily avoca- 
^^^ takes them underground. 

It is not the writer's intention to detail at length the 
^^ous matters to which this experience seems to point as 
bleeding careful consideration and readjustment, but simply 
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to say a few words on two of the most important, and 
which, by sheer force of circumstances, have been brought 
prominently to the front, viz., the lighting of mines and 
bleating operations ; and here, to prevent any misconception, 
it must be distinctly stated that the writer has no means of 
acquiring information or knowledge of the individual view* 
held by any of the members of the Royal Commission^ 
which are not open to any of the members of this Society. 

Lighting of Mines. 

Now, what has the experience of the last four years 
taught us with respect to the lighting of mines ? It has 
established beyond the possibility of contradiction that any 
unprotected gauze lamp such as the "Davy," the "Clanny," or 
the " Stephenson " is unsafe in the presence of an explosive 
atmosphere moving at even a moderate velocity; and of 
these lamps our old friend the " Davy " has come into thea 
worst repute of all. The time has passed for us to be ablea 
to hug our old friends any longer, and the cause of this in 
quite clear. Some of you may think it is very old news,. 
but you must remember that any discovery is of very little* 
value until the lesson it teaches is acted upon. 

We know the safety of the ordinary gauze lamp depends 
upon the fact, that the metal forming the gauze has ths 
power, in a comparatively still atmosphere, of abstracting 
heat so rapidly that any body of flame, such as burning 
firedamp existing inside the lamp, is so reduced in tem- 
perature in its passage through the gauze that it no. longer 
exists as flame, and consequently is incapable of igniting 
the explosive atmosphere surrounding the outside of th^ 
lamp. But, as has been mentioned, recent experience Lafi 
proved that this is only true in the absence of any rapid 
movement of the explosive atmosphere, if by means of a 
draught or current of sufficient force (6 feet per second) tlie 
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ccmbustion of the firedamp inside the lamp proceeds at 
such a rapid rate that more heat is given oS than the 
a.lD6tracting power of the gauze can deal with, then the 
g^-auze rapidly becomes red hot and attains the same tem- 
perature as the flame itself, and the surrounding atmosphere 
ifii at once ignited. This is the usual character of the 
p^benomenon, but it is also possible that in an exceedingly 
r*^ yid explosive current the suck of the wind passing a lamp 
iici.sy be sufficient to lick the flame through the gauze before 
i'fc gets red hot, in the same way as the mechanical eflfect 
of a pistol shot does, when fired in the vicinity of a lamp 
l>xaLTning in a still explosive atmosphere, by setting up a 
^xTDration or wave in the air, and thus cause ignition to take 
ploce outside the lamp, as proved by Mr. Galloway several 
r^«u« ago. 

rrhe writer has tried to explain this matter of the passage 

^f the flame through the lamp gauze because, although it is 

^^^^ quite familiar to most of us, yet we stiU hear mining 

People speak of lamps bursting, whereas the lamp is usually 

^^ intact and sound after the experiment as before, and the 

^i^inter believes it is an error to suppose that a tchite heat is 

^^cessary to ignite firedamp, because a few weeks ago, 

^'^Ixilst experimenting as to the power of sparks from a pick 

^^ other tool to light gas, it was found quite easy to ignite 

^ lilower of firedamp with a red hot poker after it had been 

^^nied twenty yards in the open air. 

In several recent disastrous explosions the evidence given 

^^ the mquests has pointed strongly to the failure of the 

^Hips in use to withstand a rapid current of explosive gas. 

*-^ speaking of the Risca explosion, where 120 lives were 

^^st, Mr. R. S. Wright, the gentleman selected by the 

^^retary of State to represent the public in conjunction 

^th the inspector of the district, says in his official report, 

* The * Clanny ' lamp, however safe it may be in a slow 



272 



4( 
4< 






4€ 



current of yentilation, is not reasonably safe, and its use 
should be prohibited, where the velocity of the air current 
*' is so strong as at Risca. Its use under the conditions to 
" the existence of which the evidence points is sufficient to 
" account for the firing of the gas emitted in the form of a 
" blower or sudden outburst." And the same gentleman in 
his official report as to the Penygraig explosion (101 lives 
lost), says, ^* Lastly, I have again to point out, as in the 
^'case of the Risca explosion, the great danger which 
^' attends ihe use of the Clanny lamp in fiery mines with a 
'* high velocity of ventilation." And again, speaking of the 
Seaham explosion (160 lives lost), Mr. Wright says : — " If 
the view of the proprietors as to the place of origin of the 
explosion is correct, this disaster is another instance, 
•* following that of the Risca explosion, of the extreme \m- 
safety of the Clanny lamp — the Davy is even less safe — 
in a rapid ventilation when gas is present. If the other 
" view is correct, this disaster is another instance of the 
*' urgent necessity for prohibiting the firing of shots when 
" any large nimibers of men are imder ground.'* Then 
again, Mr. Arnold Morley, M.P., in his official report of the 
Altham explosion (68 lives lost), states : — " The evidence 
" confirms what has long been recognised by those who have 
^* had practical as well as those who have had scientific ex- 
^* perience on the subject, and bears out the conclusion arrived 
" at, from the experiments recently held, that the Davy 
lamp, whatever may be its merits for testing purposes, and 
in the hands of experienced firemen, affords under circum- 
stances which are far from exceptional or imlikely to 
^* occur, very little protection to the ordinary miner while 
" engaged in his perilous occupation undergroimd." 

It may of course be urged that these instances, enumerated, 
only exhibit the conclusions arrived at by men technically 
unacquainted with mining; but we must remember tha^ 
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i^^iese gentlemen have been specially trained to sift and 

'^eigh eyidence, and their technical ignorance is more than 

oounterbalanced by the fact that their minds are free from 

professional prejudice, and their judgment of the matters 

bTought before them is not so liable to suffer through 

"fclieir thoughts constantly running in old and well-worn 

grooves. 

Then, again, let us see what the Royal Commissioners 
themselves say on the passage of flame through the gauze of 
tlie ordinary lamp. In speaking of the experiments carried 
^^t at Garswood Hall Colliery here, in their preliminary 
^^©port presented to Parliament in 1881, they say : " In the 
xneanwhile one result was so distinctly elicited, confirma- 
"fcory of what had already been announced by others, that 
it was thought right, pending the prosecution of the 
inquiry, to annoimce it to the Secretary of State for 
the Home Department. It is to the effect that the em- 
ployment of the ordinary unprotected Davy and Clanny 
lamps in an explosive mixture, where the current exceeds 
cdx feet a second, is attended with risk of accident almost 
^mounting to a certainty. It may be as well to add that 
the placing of the Davy lamp in an outer case partially 
constructed of glass, as now extensively used in Durham, 
transforms it from an instrument of the utmost danger, in 
^ rapid current, into one of great- security." 

The logic of facts must have convinced mining men that 
**^^ time has arrived when a radical change, either in the 
Method of ventilating or lighting collieries, is imperative. 
^^ is admittedly a diffictdt question, and when we endeavour 
^ prophecy as to what advice and information the forth- 
^^ing report of the Commissioners will supply, we 

^turally give expression to our own views on the 

^Ti>ject. 

Now there are apparently two ways of removing the 
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danger entailed by the present method of lighting, viz., 
either to slow the ventilating currents passing through the 
mine below the point at which danger arises, or by the 
introduction of a lamp so shielded or otherwise arranged as 
to make it impervious to draught, and thus to nullify any 
velocity of current. Now it is certainly not probable that 
the Commissioners will recommend that the speed of the 
ventilating currents should be reduced, and thus the body of 
fresh air passing through the mine diminished. If they 
made any such suggestion, practical miners would not be 
likely to adopt it, for these latter are well aware that with 
slow sluggish currents in a seam which gives off fire-damp 
freely, it is impossible to keep the general atmosphere of the 
mine comparatively pure, that is, clear of what is technically 
" cap on the lamp," or so to ventilate the broken parts of 
the roofs as to keep them clear of explosive gas, and itai 
normal condition would be one, of such peril, that na 
prudent manager would tolerate. Under such a conditiom 
of things, any local explosion of fire-damp, which under: 
more favourable circumstances might have been harmless- 
would, by reason of the dust and heat set up, extend itaeiM 
throughout the colliery. Ever since the early days or 
mining the skill of the mining engineer has been directec 
to the object of increasing the flow of air in mines, and, iir 
the writer's opinion, this will continue to be his firs 
aim. 

If this view is correct, we shall be compelled to fall bacB 
upon an improved lamp, and judging from the immene^ 
amount of thought and experiment which has been expend^^ 
during the last few years to produce such a lamp, thji 
opinion seems to be universal ; and as to the type of lairmj 
likely to be recommended, it is impossible to specify pr'^ 
cisely, but there are some important conditions it must falfi^ 
the most imperative of these being : — 
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ht. That it mmt be self-extinguishing in an explosive 

mixture, 
2nd, That it must be impervious to draught, 
3rd. That if glass is used in the construction, it must be 

so arranged, that the light will be extinguished 

before it can impinge on the glass when canted 

sideways, 

ith. That it must be strong and simple in construction. 

The first condition is imperative, because, in the event of 
^ sudden outburst of gas rendering a district of workings 
^x^plosive, men and boys often lose their heads, and a stam- 
pede ensues, and lamps are liable to be injured and thrown 
a^ray in the rush to the shaft, and, what is perhaps more 
maportant, it renders it impossible for a workman, either 
faxowingly or inadvertently, to place his lamp in an explo- 
sive atmosphere whilst he continues his work. The second 
<^xidition is to provide against any failure of the first, in 
^tich latter case gas would continue to bum in the lamp, 
*^d if subject to draught, it would eventually fire. The 
tturd condition is to provide against the danger of a lamp 
'ailing over on its side, or partly over, unobserved by the 
P^^soQ using it, and the flame thus impinging on the glass, 
^^tising it to crack and sometimes fly to pieces. The fourth 
^^iidition calls for no comment. 

Now, in the absence of any novelty solving, once and for 
^* this difficult question of safe lighting — and if such a 
^^velty were in existence the news would have oozed out 
^^ this — ^we are left to select the lamp that fulfils most 
Nearly the conditions enumerated, and, in the writer's opinion, 
^*^t lamp is the Mueseler. It satisfies the first three con- 
ations entirely, but the fourth it does not meet, and anyone 
^Ko can simplify its construction, and reduce the number of 
V^^ forming the lamp, will confer a great boon on the 
^Jt^iiiing commimity. 
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Blasting Operations. 

The dangers attending blasting operations in mines 
no doubt receive considerable attention from the Commis-^^*^' 
sioners, and their suggestions on this subject are lookeS:^^^^ 
forward to with considerable interest, because, during th^ -^=4 
last few years a startling danger in connection with blasting^^ -^\ 
has been constantly pointed out, viz., that a shot blowing^^ .m^ 
out into an atmosphere partially charged with firedamp, bu#"-Mi-af 
still much below what has hitherto been considered th^-^ne 
explosive point will, on account of the dust particlei^-^^g 
cast into the mixture by the blast, and the large body o—^mi 
flame emitted, cause a serious and fatal explosion. In othe~ ^^r 
words, that an atmosphere containing something like twi 
per cent, of firedamp, is rendered explosive by the simpl 
addition of a little dust, such as is always to be found ii 
large quantities on the floors of deep dry seams. 

In the preliminary report of the Royal Commission thi 
phenomenon is referred to in the following terms:- 






" Extensive experiments have been carried on and are sti 
" in progress at Harton Colliery and also at the Broad 
** Ironworks, Chesterfield, upon the behaviour of air co 
'* taining coal dust in suspension and moving at diflere: 
" velocities, when exposed to the effect of a lamp or 
*' flame, or of the flash produced by firing a small charge 
" gunpowder in the dust-laden atmosphere.*' 

"The question having been prominently raised duri: 
'^the inquest which followed the recent explosions 
Seaham Colliery, whether the disastrous results were n 
ascribable, at any rate in great measure, to the effects ^^^i 
dust in the mine, one of your Majesty's Commission's^ 
"undertook, in his distinct official capacity, a series ^ 
" experiments at the request of the Secretary of State f'Ot 
" the Home Department, with samples of dust collected id 
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different parts of Seaham Colliery. The results obtained 
led to an extension of those experiments with samples of 
dust from other collieries where serious explosions have 
recently occurred, and also with a number of non-com- 
bustible dusts.'' 

" Among the points of interest elicited by this inquiry 
were the following : — The proportion of firedamp required 
to bring dust in a mine into operation as a rapidly- 
burning or an exploding agent, even on a small scale, and 
with the application of a small source of heat or flame, is 
below the smallest amount which can be detected in the 
iir of a mine by the most experienced observer, with the 
Cleans at present in use. In air travelling at a velocity 
Df 600 feet per minute, diflerent coal dusts suspended in 
Jie air, containing from 2 to 2*75 per cent, of firedamp, 
produced explosions. At a velocity of 100 feet per 
3iinute, the same result was obtained with air containing* 
^nly 1*5 per cent, of gas, and ignitions of dust approach- 
Jig explosion and extending to considerable distances, 
^ere obtained with dust in air containing much smaller 
proportions of gas. Mixtures of firedamp and air border- 
ing on those which will ignite on the approach of flame, 
^ere instantaneously inflamed by a lamp when they 
^ntained only a few particles of dust in suspension, and 
Lt was found that these need not be combustible, but that 
^me perfectly non-combustible dusts possessed the pro- 
perty of bringing about the ignition of mixtures of air 
^d gas by a lamp flame which were otherwise not 
inflammable. We propose pursuing these experiments 
still further in certain directions." 

I^ow, the first impression made by such a statement as 
ds must be doubt of its accuracy, because we naturally 
*gae, if this is so, how then do we escape more frequent 
^plosions in mines subject to gas, and where hundreds of 
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shots are tired daily. But many of us saw the experimen 
made, and they apparently bore out the conclusions i 
forth, and we know that they were conducted by a gent] 
man (Sir Frederick Abel) possessing the very greatest ski 
and pre-eminent in such matters, and an authority whi 
<5annot be gainsaid. We may rest assured, the facts are 
stated, and if there is difficulty in reconciling them with o 
^aily experience, we must look in some other direction i 
the missing link. 

It does seem impossible to believe that shots are not oft 
fired in an atmosphere containing 2 per cent, of firedamp 
invisible to the lamp test — as, for instance, in leading plac 
where long lengths of brattice have to be used, and whe 
there is sure to be a considerable emission of gas, a: 
always plenty of fine dry coal dust. How is it, then, tl 
in such places and under such circumstances, explosions 
not frequently result. Of course, if the shot does its wc 
properly and casts out little or no flame. Professor A? 
v^ould not expect an explosion, but the writer has alwf 
been given to understand that " blown out shots " are by 
means uncommon in such places, and in all such cases 
explosion might fairly be expected ; this inference as to i 
frequency of such shots may possibly be a mistake, up 
this point the writer regrets he has no reliable informati< 
but members who are colliery managers can readily cl< 
this up. Of late years, when fatal explosions have occurr^ 
^e have usually heard a good deal about "blown-c 
shots," but more recently we have heard more of faili 
of lamps. 

Now, although it seems difficult to account for explosic 
not happening oftener if what has been stated is true, y 
on the other hand, assuming it to be true, then we hfl 
at once an explanation of many recent explosions, especial 
in this district, where upon a shot being fired presumal' 
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fcera careful examination by the person lighting it, an 
plosion has resulted, sweeping through the whole of the 
>Tkmgs. 

The writer is not aware whether the Commissioners have 
ven any attention to the question of the exhaustive action 
charges of gunpowder which blow out the stemming 
thout loosening the coal, already referred to as blown-out 
ots, but this is a subject which certainly deserves their 
nsideration. The writer, in conjunction with Mr. Pil- 
agton, Mr. Grimkio, and Mr. Glover, made some experi- 
3iits a short time ago to find the extent of this exhaustive 
bion. A large number of charges of gunpowder (lib. per 
arge) were fired from a small cannon attached to the 
ttde of the end of a boiler 36ft. long and 6ft. 6in. 
tmeter, representing a tunnel or working place under- 
aund, and on a Richards' vacuum indicator being con- 
cited, it was found that a partial vacuum was set up at 
ih shot, and this not only at the end of the boiler, but 
o along its sides, the decrease of pressure amounting to 
>s. on the square inch. A strong tin tube 3 inches 
.meter and 6 feet long was also fixed with its open end 
iered into the boiler a few inches above the position of 
^ cannon, the other end of this tube being closed and 
ejecting outside the boiler, and on the first shot 
ng fired the tube collapsed to the form shown on sketch, 
^ving that the air had been almost entirely sucked out 
it. 

Now the action of a blown-out shot must he almost pre- 
ely similar to that of the cannon, and the face of coal 
€re it has been planted must be subject to a great ex- 
cwtive force, and this will be followed in a fiery seam by 
outpour of fire-damp. 

There appears to be a strong case for further restrictions 
to the use of gunpowder, and we shall no doubt have 
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suggestions in this direction from tlie Commissioners^ whiol 
may assume something like the following form : — 

1st. That the use of explosiyes cannot be dispense 
with altogether. 

2nd. That the adoption of the Long Wall system m 
working will in most seams render the use • 
explosiyes imnecessary for getting the cc^ 
itself. 

3rd. That blasting under its most fayourable aspect 
attended with substantial danger^ but when tl 
charge blows out as it not unfrequently ioet 
then there is imminent risk of a serious explo 
sion, if the mine be fiery. 

4th. That, as far as possible, blasting should be alto- 
gether dispensed with, but in no case should 
it proceed in mines subject to fire-damp wliilflt 
a large niunber of persons are underground 



ON THE WOLF SAFETY-LAMP AND THE CON- 
TRIVANCE FOR RE-LIGHTING IT. 

By 0. LB Nevb Foster, B.A., D.Sc, F.G.S., one of 

H.M. Inspectors of Mines. 



One of the dangers feared in fiery mines is that a safety- 
lamp may be opened for the purpose of re-lighting it, anc 
so give rise to an explosion. The temptation in some cafla 
is strong. A collier's lamp goes out accidentally in a work 
ing place at a considerable distance from the lamp station 
and he may have to walk half a mile, three quarters of ) 
mile, or more, and possibly in the dark all the way, befor 
hp can have his lamp re-lit, and then he has to make hn 
w^y back. The time lost in this manner, especially wbei 
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the trayelling roads are low^ is considerable, and as loss of 
time means less coal got, and a consequent diminution of 
wages, a reckless man, at tlie risk of his own life and the 
lives of his comrades, sometimes opens and re-lights his 
lamp. 

In order to obviate this risk, the legislatures of this and 
some other countries have prescribed that the safety-lamps 
shall be locked, and that the men shall not carry keys ; and 
much ingenuity has been displayed in devising various kinds 
of hstenings so as to render it impossible to open a lamp 
without detection, and thus to defeat the intentions of un- 
scrapolous workmen who might secrete keys and matches 
ahoat them. 

As far as I am aware, it was not till quite lately that 
attempts were made to overcome the difficulty from a 
totally different direction, viz., by supplying a means of 
Ignition within the lamp, and so enabling the workman 
to re-Ught it without removing the gauze. My attention 
has been called to an invention of this kind by the 
official report* to the Saxon Government of my friends 
Aiofessors Kreischer and Winkler, of' Freiberg, and I 
^^Unk it is important enough to deserve the notice of 
^Jfiining engineers. 

The Wolf lampt which I have on the table is a safety- 
lamp of the Clanny type, but fed with benzine, instead of 
^ka oiL The benzine reservoir is filled with the best 
^ttou-wool, and is shut off from the central wick chamber 
"y a wire-gauze cylinder. The wick is round, and is carried 
"y a long cylindrical holder, which can be raised or lowered 
^th great nioety by means of a screw passing tightly 

*"Unter8achiingen iiber Sicherheitslampen." Q. Kreischer and CI. 
"inkier. Jahrbueh fur das Berg- tmd Hiittenwesen im Konigreiehe Sachsm 
^injahr 1884, p. 30. 

tUgoies of the resenroir and re-lighting apparatus are given in the 
Specificalion, a.d. 1883.— No. 3132. Price 6d. 
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through a small tube fixed to the bottom of the lamp, 
close-fitting cap is screwed oyer the wick-holder, so that n< 
benzine vapour can escape, except through the wick. Th^>_ 

flame is fed therefore like that of a Protector lamp by th 

vapour of a highly volatile mineral oil escaping at ^Sm_ 
ordinary temperature from a spongy mass impregnates ^ 
with it. 

The re-lighting apparatus is commendable for its gre^t 
simplicity. It consists of a strip of paper ^ inch wide anxd 
20 inches long, upon which are fixed 75 patches of a 
fulminating compound, which will explode with a flasli 
when struck a sharp blow. This strip of paper lies behixid 
a spring, which is pressed out, and then allowed to fly back 
by simply pushing up a knob at the bottom of the lamp. 
The same movement brings up a new pellet of fulminate 
each time. The little apparatus is arranged so that the 
fulminate is i inch from the wick-holder. Though 
momentary, the flash is sufficient to ignite the benzine 
vapour surrounding the top of the wick, and the lamp is 
thus re-lighted. 

My colleague, Mr. Willis, has pointed out to me that 
Wolfs igniter closely resembles Stockwell's* patent lighter 
for ordinary gas jets. Megill'sf patent cigar lighter is a 
similar contrivance, and Kohlerij^ has applied it to benzine 
lamps. I think it will be admitted that there are 
advantages in having an apparatus of this kind, not 
only in the case of the ordinary collier, but also in the case 
of the fireman, who has to be testing for gas. On the 
other hand, does it present any danger ? The question 
which arises is this : Supposing a collier's lamp goes out in 

♦ Specification, a.d. 1874.— No. 3782. 

t Specification, a.d. 1876. — No. 4427. 

I Specification, a.d. 1880.— No. 4149. PoUet uses strips of phosphorite^ 
collodion in the place of ribbons, with pellets of a fulminate. Qpe6&(»ii(^ 
A.D. 1878.— Nos. 148 and 2773. 
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a £ery atmosphere^ is there any possibility of his causing an 
explosion when he re-lights it? In other words, can a 
slight explosion within the lamp ignite gas outside the 
gauze P As far as lamps of the Clanny type are concerned, 
this question is answered by the Preliminary Report of the 
Accidents in Mines Commission (pp. xii. & xiii.), which says 
that where a current exceeds 6 feet a second there is a risk 
of an accident almost amounting to a certainty. I have 
made some experiments in a rough way by holding the 
Wolf lamp close to a jet of coal gas, and out of thirty ex- 
plosions inside the gauze caused on using the igniter, I 
found that one fired the gas outside. With the present 
hmp the danger referred to does exist; but there is no 
reason why Wolf's benzine lamp should not have the double 
gauze and iron shield introduced by M. Marsaut. 

In fairness to Herr Wolf, I must add that both the lamp 
I am exhibiting, and another with air holes under the 
glass, are highly spoken of by Professors Kreischer and 
Winkler, and they consider them well suited for the Saxon 
collieries, in which the air currents have not very high 
velocities. They are also of opinion that there is no danger 
in using benzine, provided that it is burnt in properly con- 
structed lamps,* and they state that it gives a much better, 
^ore constant, and cheaper light than rape oil. With a 
flame 1 inch high the cost per hour is less than -Ard. The 
^nzine lamp has the further advantage of being more 
cleanly in use, the gauze is not soiled by soot and oil, and is 
niore easily kept in perfect order. 

In considering the question from all its aspects, it is 
^^ccessary to enquire whether the use of highly volatile 
^eral oils, even if we admit their safety in properly con- 
noted lamps, does not introduce a new risk above ground 
^ the room where the filling and cleaning of the lamps is 

•i^Mfew, pp. 3, 38, 41. 
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carried on. I think it does ; but as these operations can be 
performed by daylight, I see no reason why the lamp 
trimmer need be exposed to any great danger where propen 
precautions are enforced. Herr Wolf has arranged an 
apparatus for filling his lamp safely, and without spilling* 
but I have not yet seen it. 

Though the temptation to open a lamp for the purpose o> 
re-lighting it is removed by the Wolf igniter, the lamp Li 
provided for extra security with a magnetic fastening. Th- 
principle of course is not new, but nevertheless Wolf" 
adaptation of it should not be passed over in silence. Thfl 
pawl which is drawn back by the magnet is placed insidi 
the thread by which the top is screwed on to the lamQ 
Consequently there is nothing outside which a workman caii 
tamper with, and the mechanism is thoroughly protectee 
from dirt and injury. 

I regret, in conclusion, that it is necessary to call atteiH 
tion to the law with reference to the igniter. An invention: 
of this kind does not seem to have been contemplated by th-i 
framers of the Coal Mines Regulation Act, because Genera 
Kule 7 says that in any part of a mine in which safety^ 
lamps are required to be used ^* a person shall not, unless Ilj 
" is appointed for the purpose, have in his possession an^ 
'* key or contrivance for opening the lock of any such safety 
" lamp, or any lucifer match or apparatus of any kind fim 
" striking a light.'' I cannot think that it was the intentio"^ 
of our Legislature to prevent a contrivance such as I ha^ 
described from being used inside a safety-lamp ; but neve^ 
theless, as the Act has to be construed strictly, I am vec" 
<ioubtf ul whether Wolf's igniter could legally be used in 
fiery mine at the present time. 
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Mr. Hall, referring to Wolf's safety-lamp, said he 
thought there was no doubt that many a time it had 
occurred to a collier to try to re-light his leunp without its 
being taken to the proper station for such purpose, when 
bis light went out and he was a good way from the station. 
If the danger arising from such a thing could be averted it 
would be a great advantage ; but he understood that 
W^olf's lighting arrangement had fired some gas outside 
tbe lamp. 

Mr. Grimkb enquired whether the same mode of lighting 
could be employed in lamps that burned oil. He thought 
tbere would be considerable danger arising from the storage 
^f large quantities of paraffin. 

Hr. Burrows remarked that it was easy to guard against 
^^nger arising from the storage of colzaline, and he pointed 
^ut that those who supplied it would do so in tins containing 
small quantities. 

llr. W. Bryham, Junr., observed that in going into deep 
mines where the temperature was high, it not unfrequently 
^^ppened that the lights, where colzaline was used, would 
spring up to a considerable height and thereby create 
^nger of an explosion. 

Mr. LoNGBOTHAM askcd whether it was desirable in any 
Circumstances to give a man the means of re-lighting his 
lamp when it went out. 

Mr. MacAlpine said they had a hundred Protector lamps 
^ use at his colliery, and while they had no difficulty as 
^^gards the miners, they found that the drawers were con- 
stantly losing their lights. It occurred to him, that 
^be lighting arrangement might be locked so as to put 
^t out of the power of any but the duly authorised person 
^ re-Ught the lamps that had gone out. 

Dr. C. Lb Neve Foster, in replying to the questions, 
^d he wished it to be understood that he had no interest 



whatever in the lamp which he had described. As 
whether the igniter would act in cases where ordina 
y^getable oil was used, he had to say that it would n< 
The cost of affixing the igniters was not great, but the p 
cise amount he could not state. He quite believed that wh 
benzoline or any highly volatile mineral oil was used, 
care must be used in storing it and in filling the lamps, b 
with regard to the cleaning of the lamps, it should 
remembered that much less cleaning would be requis 
that in the case of ordinary oil. The lamps would 
cleaned more quickly and with much less trouble. As i 
garded the flame increasing when the lamp was placed i 
heated atmosphere, he pointed out that the lamp was provi< 
with an apparatus by which the flame could be reduced to 
any size. With regard to the lamp of the future, he wa^ in 
hopes that some portable electric light would be devised. 

Discussion on both subjects was then adjourned. 







JTRANSACTIONS 



OF THE 



INCHESTER GEOLOGICAL SOCIETY. 

XVI. Vol. XVII. Session 1883-4. 

the Ordinary Mbeting of the Members of the 
ty, held on Tuesday, the 1st day of April, 1884, in 
Literary and Philosophical Society's Booms, George 
t, Manchester. 

Edward Pilkington, Esq., J.P., President, 

in the Chair. 



e following gentlemen were balloted for, and duly elected 
ary members of the Society : — 

idrew Howatt, 25, Mill Street, Ancoats, Manchester. 
STEN Hughes, Colliery Manager, Limehurst, Ashton- 

under-Lyne. 
)ward Lyon, Colliery Manager, Royton, near Oldham. 
HN McAdoo, Colliery Manager, Hagside, Radcliffe. 
PiGGOTT, CoUiery Manager, Carlton Villa, Lathom, near 

Ormskirk. 
". W. Simpson, Colliery Proprietor, Church, Accrington. 



le President stated that the Council, at its meeting 

morning, had adopted a vote of condolence with the 

w of the late Mr. J. E. Forbes, one of the Society's 

orary Secretaries. Mr. Forbes was a member of the 
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Society since 1857, and took a deep interest in its proce 
ings, having been for many years one of the Honora 
Secretaries ; and he (the President) was sure members wo 
feel his loss. He moved that the resolution of the Counc= 
be approved. 

Mr. AiTKEN seconded the motion, observing that he ha 
known Mr. Forbes during the twenty years he had been 
member of the Society, and always found him very assiduo^ 
in the discharge of his duties, and anxious to further t 
interests of the Society. 

The resolution was passed unanimously and the Secret^., 
requested to convey the sympathy of the members to MIi 
Forbes. 



MIl^RS' SAFETY LAMPS. 



Mr. Dickinson said : At the last Wigan Meeting, on^ ^ 
Wolf's Safety Lamps was exhibited, showing an applian.^ 
for the re-lighting of lamps without unlocking them. I^^ 
Foster, who exhibited the lamp, has sent it to me, and 
have his permission to show it to the members at tb-^ 
meeting. There are some present, in all probability, who cl*-^ 
not see it at Wigan. Dr. Foster describes the appliance ^^ 
very simple ; it is McGill's Cigar Lighter applied to a benzii'^^ 
lamp ; but he thinks it has something new in the mode <^- 
application. 

The President: It has to be a spirit lamp to begin witfa* 

Mr. Dickinson : It must be a spirit lamp. It is *^ 
ordinary spirit lamp — the same as Mr. Teale's. 

The President: Is it applicable to other than the Clancy 
type of lamp ? 

Mr. Dickinson : Yes ; either Clanny or Mueseler. So 
exhibited the appliance for re-lighting, and observed that it 
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xiTist save a good deal of trouble to a miner if he were a 
mile or two away from the pit shaft. 

Mr. Martin : At Wigan the question was raised whether 
it was desirable to give miners the power to re-light their 
own lamps ; and also whether any danger would arise by 
tills means of doing so, which is accompanied by a concussion, 
in case of its being used in an explosive atmosphere. 

Mr. Dickinson said : The question raised at Wigan, as Mr. 
Martin has just said, was whether there being a means of 
i*e-lighting the lamp in the possession of a person using it 
^vrould not be an infringement of the Act of Parliament. 
The Act says that no person is to have in his possession any 
in.eaiis for re-lighting a lamp. Now whether the having 
means of re-lighting it within a locked lamp would be a 
means " in his possession *' within the terms of the Act is a 
teclinical point which would have to be settled. There is 
^o doubt the means of re-lighting, such as this lamp 
possesses, is not, plainly and straight-f orwardly, an infringe- 
ment of what is intended in the Act of Parliament, because 
It is as much under lock and key as the safety lamp itself ; 
*^d, looking at the great inducement there is for a miner to 
^^ock and re-light his lamp, in the event of his losing the 
^ght far away from the means of re-lighting, I cannot help 
^•hxiiking that there is room for the introduction of a means 
^* re-lighting, such as this, in certain mines where the 
^Shting station is a long distance away, and perhaps a low 
travelling road to it. 

The President : The question is [whether, if the lamp 
.^ae full of an explosive mixture, the re-lighting of it would 
^ot cause an explosion outside. 

M.T. Dickinson : There might be a little more risk of the 
^^plosion forcing the light to the outside. But no miner 
^ould think of re-lighting a lamp in an explosive atmos- 
phere. 
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A " Safety Lamp," invented and patented by Mr. Ha-xrj 
H. Ford, Park Green, Macclesfield was exhibited and 
described as follows : — 

This lamp is made in a solid cylindrical form, beixLg 
partly metal and partly half-inch thick well annealed flint 
glass, which resists force or heat. It is ventilated from ±lie 
bottom, and so arranged that by a slight motion the arir 
aupply is cut off. It is locked by a bolt within the lamp, 
the bolt being secured by a bar dropping perpendicularly upon 
it, which bar can only be removed by inverting the lamp, tliiis 
drowning out the light, at the same time liberating the bolt. 

The inventor claims that by adopting the solid cylindrical 
form for his basis, he at once strikes at the weak point oi 
all previous productions, and enables him to make a lamp 
which, up to the present, has resisted every attempt to 
explode it, many and most severe experiments having 
failed to efiect such a result. That his lock is very simple, 
and prevents the lamp being opened without extinguishing 
the light. That the lamp instantly shows the presence of 
gas, and becomes extinguished when present in explosive 
quantity. That it gives the maximum of Kght from an 
ordinary oil lamp, and cannot be opened without being 
extinguished. 

Mr. Dickinson : Everything that is new has to run the 
gauntlet of criticism. There has been no objection raised to 
the principle of the lamp. If the lock should prove not to 
be sufficient in its present state, it might be altered. I may 
say.that the lamp reminds me somewhat of the Elsin lamp 
brought out by a Belgian engineer some thirty years ago. 
That also is a close cylindered lamp ; it takes its air in at the 
bottom — not quite so low down as this, — ^it takes it in at the 
flame, and it passes out at the top through a gauze identical 
with this one. 

Mr. Ford : Neither I nor my son, the inventor of the 
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mp^ ever had a safety lamp of any kind in our hands 
»f ore this. 

Mr. Dickinson : Your son need not be ashamed of the 
nilarity with the Elsin lamp^ as it has passed the standard 
g[uired by the Belgian Goyemment, and is therefore 
emed a safe lamp. 



RIPPLE-MARKS IN THE DRIFT. 



Mr. Mark Stirrup drew attention to a recent paper read 
fore the Geological Society of London, by Mr. T. M. 
3ade, C.E., on " Ripple-Marks in Drift." 
In this communication Mr. Reade remarked upon the 
>8ence of any description of ripple-marks amongst the 
iblished notices of drift deposits, thereby, presumedly, 
ferring the scarcity or infrequency of such phenomena. 
Mr. Stirrup pointed out that a well marked example 
icurred in the cliffs near Norbreck, on the north shore at 
Blackpool. 

At the base of the drift-sands belonging to the middle 
ands and gravels of Professor Hull's classification, and just 
bove the lower boulder clay (from which the deposit in 
uestion is separated only by a thin layer of reddish stratified 
larly clay) occurs a thin stratum of rippled marked sands, 
hich has become lapidified or solidified into a hard sand- 
one, specimens of which were exhibited. 
The ripple-marks are deeply impressed in some places, 
ren to two or three inches. 

Mr. Stirrup also briefly referred to the character of the 
rains composing thiB sandstone, and also the loose sands 
imediately above ; many of the quartzose grains being of 
rounded character, and showing much abrasion ; a subject 
hich has engaged the attention of Professor Sorby and 
[r. J. A. Phillips. 
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THE MINERAL VEINS OF THE LAKE DISTEI^^T. 

By J. D. Kendall, C.E., F.G.S. 



INTRODUCTORY. 

It is not a little remarkable that, although mining is 
to have been conducted in this district since the time of 'tixx^ 
Romans, so little information exists regarding the nature oi 
the deposits that have been worked. A few isolated pag"®^ 
in the history of the mining operations are to be met withi- i^ 
some antecedent publications, but there is almost nothixig 
recorded as yet of a geological character. Even in the &^' 
cellent memoir by the late Mr. Ward, which professes ^ 
give the principal practical results of the geological survey 
of an important part of this district, the mineral veins slTG 
dismissed with little more than a brief notice of their direc- 
tion and " hade." Mr. Postlethwaite's interesting work on 
" Mines and Mining in the Lake District," after noticingT 
the principal rock formations and the various minerals found 
in the mines, is confined almost entirely to a history of the 
mining operations. Questions of a geological nature seem 
to have been avoided, generally, in the past. This was pro- 
bably in part on account of the extreme difficulty of 
answering such questions, but mainly no doubt it was a 
consequence of that remarkable indifference or neglect 
which, prior to the last seven or eight years, seems, in this 
district, to have characterised the treatment of almost every 
branch of scientific enquiry. 

An investigation into the nature of mineral veins would 
be very incomplete, if not impossible, without a knowledge 
of the geological structure of the district in which 8uch 
veins occur. This part of the subject has, however, been so 



298 



'., for much of the district^ by the officers of the 
il Survey that only an outline of it will be intro- 
re, except where further development is necessary 
ite the special part of this enquiry. 
Afferent rock formations occurring in the district 
chronological relations are exhibited in the fol- 
ible : — 



) Permians unconformable to 
i Carboniferous rocks. 



Carboniferous rocks imcon- 
formable to Silurians. 



■j accumulations. 

1 deposits. 

as sandstone. 

)sian limestone. 

a. 

leasures. 

me grit. 

gJe rocks 

lif erous limestone. 

limestone shales. 
Dmerate. 

Moor flags, 
sdale slates, 
on grits and flags 
on limestone and Stockdale shales, 
lie series of Borrowdale. 
iw slates. 
i«, syenite, &c. 

rea of most of these formations is shown on Plate 1, 
p stratigraphical relations are further illustrated by 
1 and 2, Plate 2, which are taken through the district, 
^ely from north to south, and from east to west. 
pper Silurians, that is, from the base of the Coniston 
e upwards, are fairly conformable to one another, 
are imconf ormable to the Lower Silurians. 
Carboniferous rocks rest transgressively on the 
3, and have an average dip of about 20**, outward 



► Silurians. 
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from the Lake District. The Permians are spread out ovei 
the eroded edges of the Carboniferous rocks^ and also di] 
outward^ but at a less angle than the Carboniferous rocks. 
True mineral veins have not been found in rocks young( 
than the Silurians, and even in the upper formations of th{ 
age they are rare, almost the whole of them occurring eith( 
in the Borrowdale series and the Skiddaw slates, or in tl 
granites and syenites associated with these rocks. It 
therefore unnecessary here to notice in detail any of t^ 
formations above the Borrowdale rocks.* 

The Borrowdale series consists of alternations of volcai=M.ic 
lavas and ashes, but the mineral veins hitherto worked in 
them are confined to the ash-beds. The chemical composi- 
tion of both these classes of rock is fairly illustrated by fclie 
following analyses : — Lava. Ash Eock. 

SiUca 60-11 69-04 

Alumina 1617 15-17 

Lime 5-71 215 

Magnesia 1*85 0*55 

Potash 302 3-94 

Soda 2-96 4-32 

Ferrous Oxide 5-67 2-81 

Ferric „ 1-33 -30 

Bisulphide of Iron '49 '20 

Phosphoric Acid '19 -27 

Sulphuric „ '09 -10 

Carbonic „ 1-61 -33 

Loss on Ignition '72 '76 

99-92 99-94 

The thickness of these rocks has been proved, by actru^ 
working at Coniston Mines, to be over 1800 feet, and in tb^ 

* For a description of the formations above the Silurians, see '^^ 
following papers by the author : — 

" Hematite Deposits of West Cumberland," Trans, of N, of E. Instittt^ 
of M. ft M. K's, p. 18, vol. 28. « Hematite Deposits of Fanie00f" 
p. 16, voL 31. " The Structure of the Cumberland Coal-field," p. 16, '^^ 
Z%, Also Memoirs of Gko. Survey. 



r. 



295 

lELexnoir of the northern part of the lake district they are 
estiinated at about 12,000 feet. Their average thickness is, 
tLO^weYGr, probably much less than this. 

Soth the lavas and ashes are thick-bedded. The former 
oocur most extensively in the hills immediately to the south 
axLcL east of Derwentwater, whence they thin out somewhat 
i*apidly towards the area occupied by the Upper Silurians. 
Some of the ashes are very finely cleaved, and make excel- 
lent roofing slates, as in Borrowdale, and at Honister, Yew- 
dale, Tilberthwaite, and Walney Scar. The direction of the 
cleavage, and also the dip of the beds in the neighbourhood 
of the most important mines, are shown on Plate 1. From 
AH inspection of that plate, and also of Figs. 1 and 2, Plate 2, 
it will be evident that these rocks have been subjected to 
great disturbance since they were deposited, especially during 
I^evonian and later Carboniferous times, and since the Permian 
©ra. As will be noticed on the map, they are in many places 
^i^versed by more recent volcanic rocks, which were probably 
intruded during some of these periods of disturbance. 

The Skiddaw Slates consist of several masses of indurated 
^^udstones, alternating with sandstones and grits, all thin- 
*^^dded, particularly the argillaceous strata. They are so 
i^tich split up by joints as to be of very little economic value. 
The mineral veins that have been worked in these rocks 
®^©iii to be entirely confined to the argillaceous beds, the 
^^niposition of which is as follows : — 

SiUca 56-76 

Alumina 24*91 

Lime '64 

Magnesia 132 

Potash 3-31 

Soda 1-66 

Ferric Oxide 6-07 

Loss on ignition • 4*86 

99-53 

Specific gravity 2*64 
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1. The different kinds of veins. 

2. Their Geological distribution. 

3. Direction and hade. 

4. Lengthy breadth, and depth. 

5. Apparent reciprocal influence of veins and tttox 

enclosing rocks. 

6. Inner nature. 

7. Mineral contents. 

8. Age and origin. 

1. Different kinds of Veins. 

Although, as will hereafter be seen, there are many 
kinds of minerals found in veins, yet there is in every 
vein a preponderance of one particular mineral. 

Adopting the usual practice, and taking the metallic 
minerals as the basis of classification, the veins occurring i^ 
the district under consideration may be distinguished a-s 
follows : — 

1. Lead. 

2. Copper. 

3. Zinc. 

4. Iron. 

5. Manganese. 

According to this classification, a vein, which yields only 
one of these minerals in workable quantity, would receive 
its name from that particular mineral. But it sometime^ 
happens that a vein yields two of the above minerals in such 
quantities that they are both workable. They may be lead 
and zinc, lead and copper, or iron and manganese. In sncb 
cases veins should properly receive compound names, and b© 
designated respectively lead and zinc veins, lead and copp^^ 
veins, and iron and manganese veins. But the old practice 
has been to speak of them as lead or copper veins merelyir 
according as one or other of these minerals predominateo, 
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list blende^ the common ore of zinc in the district^ was 
• imtil a few years ago known to foe a useful mineral, 

that its presence in a vein, even when in large 
intities, was not indicated by the nomenclature. The 
Q worked by the Woodend mines, near Threlkeld, yields 
h blende and galena in workable quantities, but though 

former is the preponderant mineral, the vein is usually 
ken of as a lead vein. At Bed Gill mines, ores of both 
1 and copper were obtained from the same vein ; and at 
lighten Gill, lead, copper, and zinc ores were worked 
ether. At Force Crag mine, the principal metallic 
lerals obtained were ores of lead and zinc. The vein 
re worked may therefore be considered as a lead and zinc 
Q. But as, along with these ores, a large quantity of 
ytes occurred, for which alone the mine was worked for 
le time, the vein has come to be spoken of as a barytes 
Q, and is so referred to in Mr. Ward's Memoir. 

2. Geological Distribution. 

Is mentioned in the introductory remarks, most of the 
leral veins hitherto worked, occur in the Lower Silurians 
I in the granitic and granitoid rocks associated with them, 
aeral veins have, however, been met with in the Upper 
iirians, but they are rare, and, so far as yet proved, not of 
•y great economic importance. 

tn the Coniston grits and flags, about midway between 
ively and Kentmere, a lead mine was worked for several 
irs, and a considerable amoimt of work done, but the 
iidts were not satisfactory. Other trials were made 
tween Winster and Crook, in the Bannisdale slates, and a 
Lall quantity of galena was obtained, but not sufficient to 
iuce the adventurers to continue their work. Explor- 
Lons on a small scale have also been conducted in other 
^ of the Upper Silurian area, but the results were 
pially discouraging. 
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In the Lower Silurians and their associated rocks, vei 
are numerous, and some of them haye yielded large quan^ 
ties of minerals. 

In the Borrowdale Bocks there are the famous cop^oj 
mines of Conistou, and the equally important lead mines at 
Greenside, besides a large number of veins of both lead and 
copper in other parts of the district, many of which have not 
been worked at all, and others only partially. Veins of 
hematite are abundant in these rocks, but yery few of them 
have been explored on accoimt of their great distance from 
the railways. The most extensive workings have been at 
Tongue Gill, near Grasmere, and at Dunnerdale, in the 
Dudden valley. It is in these rocks that the Borrowdale 
graphite is met with. 

In the Skiddaw Slates veins of both lead and copper 
occur. Among the mines in which ores of the former 
metal were worked, it will suffice to mention Loweswater, 
Goldscope, Yewthwaite, Barrow, Brandlehow, Force Crag, 
Thomthwaite, and Woodend. Some of these mines, a® 
previously mentioned, worked ores of zinc as well. 

The principal copper mines in the Skiddaw Slates are »-* 
Goldscope and Dalehead, but there are several other copper 
veins in these rocks, some of which have not been proved^ 
whilst others have been worked but slightly. 

Hematite has been worked very extensively in these rock^ 
for a number of years, at Knockmurton and Kelton Fell^ 
and these are almost the only places where any serioa^ 
attempt has been made to find it. 

Veins of manganese ores also occur in these rocks, bix* 
they have not yet been worked, except in the most trifling" 
way. 

In the Eskdale Granite and the Ennerdah Syenitte-gnsni^' 
the only veins that have been much worked are those of 
hematite. In the former rock, this ore has been obtained n^ 
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lale, on both sides of the yalley opposite Boot, and also 
the King of Prussia. It has also been worked near 
le. In the latter rock several veins have been worked, 
small way, near Ennerdale Lake, and it is now proposed 
ake a railway to them. 

L the Hypersthenite and its associated rocks, of Carrock 
and neighbourhood, both lead and copper veins have 
. worked, notably at the mines of Roughten Gill, Silver 
, &c. 

here does not appear to be a single instance in the district 
he same vein having been worked in the granitic or 
litoid rocks, and in the sedimentary or volcanic rocks 
ounding them. Veins occur between different kinds of 
:s, as in Clews Gill, Ennerdale, where a vein of hematite 
been partially worked with Skiddaw slate on one side 
t, and syenitic-granite on the other. There are several 
>r " contact " veins in that neighbourhood but they have 
yet been worked. 

3. Direction and Hade. 

b is a very common thing to hear lead veins spoken of as 
Lng a north and south direction, and copper veins as 
•ing east and west. No doubt this is frequently correct, 
it is not so always, as will be seen by reference to Fig. 3, 
ch has been prepared to enable a ready comparison to be 
Le of the directions of different veins yielding the same 
i of mineral. The following details will enable this 
parison to be carried still further, the angles of direction 
ig from the true meridian. 

Copper Veins. 

Joldscope 72° N.E. and S.W. 

3alehead 72° N.E. and S.W. 

Joniston 82° N.E. and S.W., and 48* N.W. 

and S.E. 
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Paddyend (Coniston) 83** N.W. and S.E., and 53° N. 

and S.E. 
Tflberthwaite . . . . 80° N.W. and S.E., and 80° N. 

and S.W. 

Lead (l)y Lead and Zinc (ZJ, and Lead and Copper Veins (^*^J, 

1. Goldscope 25° N.E. and S.W. 

1. Greenside . . N. and S. 

2. Yewthwaite . . 23° N.W. and S.E. ^ Generally sup— 
1. Barrow .... 23° N.W. and S.E. V posed to be p«rtB 

1. Thomthwaite. . 23° N.W. and S.E. ; of one vein. 

2. Brandlehow . . 23° N.W. and S.E. 

2. Woodend 48° N. W. and S.E. 

1. Loweswater . . 45° N.W. and S.E. 

3. Roughten Gill. 60° N.E. and S.W. 

Hematite Veins. 

Knockmurton 8° N.W. and S.E., and 6 

N.W. and S.E. 

Kelton Fell 60° N.W. and S.E. 

South Cumberland, Eskdale 73° N.W. and S.E., and 27^ 

N.E. and S.W. 

Nabgill, Eskdale 23° N. W. and S.E., and 60 

N.W. and S.E. 

Manganese Veins. 

Wfley Gfll 5° N.E. and S.W. 

Mosedale 45° N.E. and S.W. 

Where two directions are given for the same place, th^^ 
relate to different veins, except, in the case of Oonisto*^^ 
where they refer to different parts of what is known as ib-^ 
Bonser vein. 

It thus appears that there is a very great variation in Ox^ 
directions of the veins even when the preponderant miner^ 
is of the same kind. There is also a considerable variatiaii 
of " hade *' both in direction and amount. By reference to 
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Lg. 3 it will be seen that whereas some veins "hade" 
v^ards the east^ others haye a westerly inclination. The 
TUHint of " hade " is also very variable, being in some cases 
early plumb, whilst in others it is as much as 35° from the 
srticaL This will, however, be more clearly seen on 
rference to the sections of Goldscope, Yewthwaite, Coniston, 
ad the Whitehaven iron mines, given respectively on 
^lates 4, 5, 6, 7, and 8. In the plans accompanying those 
actions the course of the veins is given at different levels, 
8 proved by actual working, so that the variations of 
hade " at any part of these veins may be seen at a glance, 
''rom the transverse section of the Bonser vein at Coniston 
lines, Plate 7, it will be seen that near the surface the 
hade" is to the south-west. The vein then goes nearly 
liunb for about 90 fathoms, and in the lower part it hades 
O'Ward the north-east. 

Notwithstanding these great variations in direction and 
hade," which at first sight are most confusing, a consider- 
We amount of order may be discerned in them, for on 
'oser inspection it is found that both the direction and haii e 
f "tie veins almost invariably correspond with the planes of 
^o or other of the different sets of joints by which the 
^olosing rocks are intersected. For example, at Goldscope 
^Pper vein), Dalehead, part of Coniston, and Tilberthwaite, 
^ direction and hade of the veins correspond with the 
^"iie and dip of the cleavage planes. At Knockmurton a 
•^eiderable part of one of the veins is coincident with the 
^^planes of the rock ; other veins at that place correspond 
^-tih the divisional planes. In the Eskdale granite and the 
^^Xierdale syenitic-granite the veins are invariably on one or 
'•*i€r of the different sets of divisional planes; and so 
'^^^ughout the district it is found that they nearly always 
^^Trespond with either the cleavage or the bed-planes, or 
^'^th one or both sets of divisional planes. 

21 
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4. Length, Breadth, and Depth. 

If the veins at Yewthwaite, Barrow, and Thomthw^fcitie 
are parts of one great vein, as they are generally held to 
be, such vein must be nearly six miles in length, ancL JU 
imdoubtedly the longest known vein in the district. But 
their identity has not been proved, and the idea is at present 
a mere suggestion, with nothing more behind it than tlie 
fact that the so-called parts are in the same general line. 
Between Thornthwaite and Barrow more than a mile <yi 
unproved ground intervenes, whilst Barrow and Yewthwaii>^ 
are nearly the same distance apart. 

The length actually worked at different mines is ^ 
much better guide as to the extent of veins longitudinall; 
In Plates 4, 5, 6, and 8 some information on this head 
given, and more will be found below : — 

Length of Vein worked. 

Fathoms. 

At Coniston (copper) 320 

„ Goldscope „ 200 

„ Goldscope (lead) 280 

„ Greenside „ 200 

„ Yewthwaite (lead and zinc) 260 

„ Brandlehow „ „ 280 

„ Roughten Gill (lead and copper) .... 600 

„ Nabgill (hematite) 240 

„ Kelton Fell „ 320 

It cannot be said that in any one of these cases the etU^ 
of the vein has been reached, but how much further aay 
of them may go, beyond the points to which the worldiL^ 
extended, is very uncertain. 

The Breadth of veins is variable, some having an average 
breadth of three or four feet only, whilst others are as much 
as five or six feet. In the same vein there is, howeyer, ^ 

I 
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L greater yariation than this, as will be seen in the 
section of the Goldscope lead vein, Plate 4, and 



t: — 



8 f aihoms 


3 feet. 


12 


12 „ 


18 


10 „ 


28 


. 6 „ 


38 


3 „ 


48 


. 5 „ 


68 


5 „ 


68 


4 „ 


78 „ - ..., 


. 5 „ 


88 


. 6 „ 


98 „ .... 


. 10 „ 


108 


. 32 „ 



including 
several " horses " of Country Rock. 

ese breadths were taken on the line of the shafts and 
iven on the authority of Mr. B. Plummer, the manager 
le mine at the time it was working. In other veins 
IT variations are met with. At Kelton Fell one of the 
tite veins has in some places been as much as 25 feet 
whilst at other places it was a mere string. The 
aside vein is said to have been as much as 60 feet wide 
me parts. At other places it was not more than a foot 
o, and even less. 

e extreme depth to which veins descend has not been 
id. The deepest exploration in the district is at 
iton, where one of the veins has been worked to a 
L of 260 fathoms, and is still going down without any 
rent indications of nipping out. In fact it is quite as 
now as it was near the surface. The Goldscope lead 
was worked to a depth of'l 10 fathoms, and it was wider 
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then than it had been at any other part. The hemati 
veins in Eskdale have been worked to a depth of 60 f athon 
but they are much reduced in size at that depth. Whefl: 
they may open out again at lower depths^ as lead and copj 
veins do, is yet to prove. The low price of hematite, 
compared with that of lead and copper, necessarily prove: 
veins of the former mineral being worked to the same ext< 
as those of the latter, so that when iron veins become n 
rowed to a size that would still pay well in lead or cop] 
veins they have to be abandoned, and their breadth at lo^ 
levels consequently remains unknown. 

5. Apparent Reciprocal Influence of Veins ani 

THEIR Enclosing BtOcks. 

It is a very curious and important fax5t that the chemi 
composition of a rock immediately adjoining a mineral v 
is in many instances, and it may be in all, different fr 
that of the same rock only two or three feet away fr 
the vein. This statement will be rendered clearer by 1 
following analyses of Mica Schist, adjoining a mangan< 
vein in Wiley Gill, to the north of Skiddaw. No. 1 she 
the composition of the rock close to the vein, No. 2 that 
rock about three feet away. 

Analyses of the Wall-rock of a Vein. 

No. 1. No. 2. 

SiKca 64-56 62-23 

Alumina 2272 25-25 

Lime 0-20 0-22 

Magnesia 0-30 1-74 

AlkaUes, &C. 6-58 9-09 

Peroxide of Iron 290 7*05 

Water combined 2*74 4-42 



100-00 100-00 

Specific gravity 2*62 
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In the rock immediately adjoining the vein (No. 1) there 

is an increase of silica, and a diminution of all the other 

elements, as compared with the normal composition (No. 2.) 

In some places the walls of a vein are softer than usual 

and quite decomposed, and, almost invariably, where this is 

so, the yein is extra wide. On the other hand, where a 

Tein is narrower than usual, it is almost certainly f oimd that 

the walls are extra hard. In some mines it is considered a 

good indication when the walls become softer. 

As already pointed out, the yeins hitherto worked in the 
Skiddaw slates are confined to the argillaceous beds of tliose 
rocks, whilst those in the Borrowdale series seem to prefer 
the ash rocks ; but the reason of this may*well be that the 
greater hardness of the sandstones and grits of the Skiddaw 
slates, and of the lavas of the Borrowdale series, has pre- 
sented veins which are known to exist in those rocks from 
Wng worked, for it is certain, other things being equal, 
^t a miner will always prefer a soft country rock to a 
Wdone. 

The hematite veins in the hard Granitic and Granitoid 
^ks do not appear, generally speaking, to be so wide as in 
4e softer Skiddaw slate. The widest hematite vein yet 
found is in the latter rock at Kelton Fell. 

6. Inner Nature. 
When veins are examined internally it is foimd that they 
*^ divisible into two classes — 

1. With veinstone. 

2. Without veinstone. 

^e first class includes veins of lead, copper, and zinc. 
^e second class comprises those of hematite and manganese. 

The greater part of the veinstone found in veins of the 
^t class consists invariably of quartz, of which there are 
^Veral varieties, some having a glassy texture, others being 
*^y or coarsely granular, but all are mostly milk-white. 
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small portions of them being stained various shade 
yellow. Some of the varieties are occasionally cell 
others assume the form of small incoherent angular gi 
or, if coherent, the imiting material is frequently eith( 
ore of iron or manganese. The composition of vein qi 
is shown by the following analysis of a piece from Br 
Gill, Carrock Fell. 

Analysis of Quartz Veinstone, 

SiUca 98-02 

Alumina • 0*95 

Peroxide of Iron 0*97 

Manganous Oxide trace 

Lime 0-20 

Magnesia trace 

100-14 
Specific gravity 2-56 

Veinstone occurs in two ways. In one it extends : 
" cheek to cheek," as in Fig. 9, which is a cross sectic 
part of one of the Red Gill veins. At other times it o< 
in strings of varying breadth, which form a kind of 
work in the rock, as seen in Fig. 10, which is a cross se 
of Benson's south vein, Tilberthwaite. All the veins j 
Coniston are of this class, and some of them present a 
complicated appearance, as may be partly learned 
Fig. 11, which represents a portion of the veinstone 
the Bonser vein. Similar appearances are frequently 
with in other mines. Figs. 12 and 13 are represents 
of a portion of veinstone from Yewthwaite and Gold 
respectively. 

At Brandlehow mine, in addition to the ordinary q 
veinstone, a considerable quantity of Dolomite was met 
interlacing the rock, as shown in Fig. 14. This miners 
also been frequently met with at Coniston mines^ espec 
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the Paddyend portion^ where at times it forms a rib six or 
eig-ht inches tliick on one of the walls ; but more frequently 
it ramifies the veinstone and rock as at Brandlehow. In the 
Sonser vein it is mixed up occasionally in a most irregular 
way with the quartz, and also with the metallic minerals 
associated therewith. 

Sarite is also found in many veins, sometimes, as at Force 
Orag, in large quantities. It appears mostly to occupy pre- 
existing loughs, and to have been introduced subsequently to 
the metallic minerals, as will be explained hereafter. 

The principal metallic minerals appear in veins in various 
"ways ; sometimes they occur in " spots " or " blotches " in 
the veinstone, as shown in Fig. 9, or as is more particularly 
delineated in Fig. 16, which is a full-size representation of 
a portion of veinstone with galena from the vein shown in the 
former figure. Fig. 16 shows the occurrence of chalcopyrite 
*nd galena together in the same vein. Fig. 17 will give some 
ideaas to how that ore is frequently met with at Coniston mines, 
^e "blotches " being larger and more irregular than at Red Q-ill. 
^^his spotted and blotched appearance is by far the com- 
monest form in which ores occur in the veins of this district. 
•*^©S8 frequently they appear as "ribs " in the veinstone. In 
Olio vein or another " ribs " have been found of all breadths 
^P to 18 inches. In some cases several such " ribs " occur 
^^de by side, separated only by a few inches of "sugar spar." 
•■^tis was so in several parts of the " great lead bunch " in 
^oldscope mines, where the ribs in places had an aggregate 
Sickness of about six feet. Similar masses of ore have also 
■^^^on worked at Greenside. These "ribs'* are always 
Parallel to the walls of the vein, and as a rule they do not 
^^xitinue far either horizontally or vertically ; in some cases 
^^ly a few yards, until they begin to thin off and die out 
altogether. In this respect they differ widely from the 
''spots" and "blotches" which are frequently found 
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throughout great lengths and depths^ although they 111 
wise are much poorer in some places than others, and 
often absent altogether. The unequal way in which or^ j 
distributed in a vein will be best understood by reference -^ 
the longitudinal sections on Plates 5 and 7, in which 't'b.e 
richer portions of the vein are shown by darker shadixxg-; 
the lighter portions containing so little ore that they were 
not considered worth working, and were not worked. 

At times ore assumes the form of " bunches," either in 
the quartz, or between the quartz and the country rock. I^ 
the Q-oldscope lead vein one of these " bunches," accordiri.^ 
to Mr. Plummer, contained about 60 cubic yards of soli^ 
galena. 

The only other form in which ores occur in this class ^^^^ 
vein is as irregular strings which branch out from the ve£^ 
into the cheeks, as shown in the hanging wall in Fig. 9, ^ 
fuU-sized representation of a portion of which is given £* 
Fig. 18. A further illustration of this mode of oocurrenc3^^ 
is shown in Fig. 19, it is from the wall of a lead vein ^^'^ 
High Nook, Loweswater. 

All ithe metallic minerals, such .as chalcopyrite, galen0!i 
pyrite, and blende, that occur most abundantly in vem^> 
appear in the same way, that is as. just described, althougb-^ 
as already mentioned, some are much more abimdant tlut^ 
others. 

The s^ace occupied by the metallic minerals in veins of 
this class is very variable, if it be considered in relation t^ 
the full width of the veins, but its ratio to the veinstoa^ 
alone is not so variable ; the reason being that some vein^ 
contain a larger proportion of country rock than others. I^ 
will perhaps not be far from the fact to say that the biulk o^ 
the metallic minerals in a vein never exceeds 20 per cent off 
that of the quartz veinstone. The non-metallic minerak — ' 
quartz excepted — ^are perhaps always imder 10 per cent of 
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) quartz. The comparatiyely small space occupied m 
US by the metallic minerals will be most readily imder- 
od from one or two examples. The Goldscope mine was 
Lsidered to be one of the richest lead mines in the Laka 
itrict^ that is in proportion to its extent, for, as will be seen 
reference to the longitudinal section, Plate 4, the principal 
-bearing portion of the vein was very short. The total 
Lntity of ore put out of the mine down to the 60 fathoms 
el was 4100 tons. This is equal to a rib of barely three 
hes in the thickness throughout the area of vein worked. 

Che ore yielded by the Yewthwaite vein was much less, 
Qg only equal to a uniform rib of *8d inch in thickness. 

die Goniston and Paddyend veins contained chalcopyrite 
lal to a continuous solid rib 8^ inches wide. 

Phe productive parts of veins, or ''ore runs," as they are 
letimes called, are at times separated by portions that are 
te barren, which contain very little veinstone, and are 
lost exclusively occupied by a clayey substance, which is 
ally called " douk." The vein on each side of the " great 
i bunch," at Goldscope, was of this character, as were 
3 parts of the Roughten GKll vein and the Greenside vein, 
other cases, the poverty of a vein arises from the relative 
lenoe of veinstone, and the closing together of the walls 
ya they almost touch one another. This is usually the 
e at the inferior parts of the copper veins of Coniston. 

Ct is generally f oimd that the walls of a vein are very 
il defined (as in Fig. 9), and that there is a clear line of 
Darcation between the contents of the vein and the enclos- 
: rock. In other cases, as in Fig. 20, which shows part 
Paddy End vein, Coniston, only one of the walls is clearly 
ined, the other side of the vein being very irregular, and 
tduating into the country rock, so that when the vein is 
x^ked, part of the country rock on that side has to be taken 
ay with it, until a joint, such as is shown in the figure, ia 
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reached. In the unproductive part of the Goldscope I^^^ 
vein they had only one wall — ^the " lying wall." The ott^; 
was said by the manager of the mine to have been " losf^ " 
in the country rock. Occasionally both walls of a vein a:xre 
very indistinct, and when this is so, it is generally founr^J 
that the vein is very poor, containing little veinstone, anKi 
that so much scattered that it is a matter of considerately 
difficulty to say which is and which is not the vein. Und^^ 
these circumstances, miners are very often at a loss to kno"^^ 
which way to drive, and they not unfrequently find, aft^^ 
following some of the scattered quartz strings for a tiiiL^> 
that they have left the vein altogether. It then becomes 
necessary to turn across to the right or left, or go hax^^ 
again to the point where the uncertainty began. 

Veins are occasionally intersected by faults, which are o^ 
various sizes, some, known to miners as " slides," are bc*-^ 
small, and shift the vein only a foot or two, or at most eigk*-^ 
or ten feet to the right or left. Several of these may b^^ 
seen in the Bonser vein, Coniston. Others like the " gre^*'*' 
cross course" at those mines, cause a displacement of tb*-^ 
veins for a great many fathoms, so that it becomes a matt^^^ 
of some difficulty to find them again. 

Another of the more prominent features of veins is i 
occurrence in them of irregularly-lenticular pieces 
country rock, standing on edge, the largest of which 
by the miners called '* horses." Usually these pieces 
rock are not more than from two to six feet wide, and o: 
a few fathoms long at most ; occasionally they are mu(^ 
larger than this, so that for a time it is difficult, during 
progress of the mining operations, to say whether or not 
vein is permanently splitting into two. They all have it«.^ 
same " hade " as the veins in which they occur, and tha^>-^ 
planes of lamination are invariably parallel to those of tb^ 
Took forming the " walls." 
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In some vems " longhs '* are occasionally met with, some- 
times in the veinstone, at others between the yeinstone and 
the wall-rock, and occasionally they are entirely in the 
wall-rock. They have been seen of all sizes up to 12 or 16 
ieet and even more in length, 6 to 8 feet in depth, and 2 to 
3 feet in breadth. In rare instances they have been met 
with 20 to 30 fathoms long. Their breadth and depth then 
did not, however, exceed those of the shorter loughs. The 
snaaller loughs are very irregular in form, but the larger 
are approximately lenticular in shape, their longer axes cor- 
responding with the direction of either the length or depth 
of the vein, and when they can be said to have a " hade " it 
iiivariably coincides with that of the vein. The walls of 
^ese loughs are mostly coated with crystals of different 
''Unerals. Here it is that the rarer minerals found in veins 
ai^ mainly met with. Some of the loughs contain irregular 
fragments of wall-rock cemented together by quartz, thus 
Pi*oducing the appearance of a breccia. The fragments are 
otxly small but their planes of lamination are in all 
diirections. 

-A microscopic study of the different parts of veins reveals 

*h.e following facts. If a piece of veinstone spotted with 

g^ena, for example, be examined by transmitted light there 

^ seen to be a distinct line of demarcation between the 

i^otallic mineral and the enclosing quartz. The " spots " 

b^Te exactly the same forms as the cavities of cellular 

<iuartz, and they do not in the least seem to have been 

^^^uenced in their outline by the crystalline form of the 

'fietallic mineral. Slices of country rock taken from a vein 

^^^Hbit some most interesting phenomena, especially if there 

"® present spots or strings of any metallic mineral. In 

examining by the imaided eye a piece of Skiddaw slate 

spotted with galena, similar to that shown in Fig. 19, there 

^ Hot anything remarkable in the appearance of the slate. 
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except that it seems a little paler than usuaL But, whei^Er^u 
placed under the microscope, in a thin slice, it is found t^^f^ix 
be traversed in^ a most curious manner by fine reticulat^^^«t 
seams of quartz, which graduate into the slate in such » 
way as to suggest that they are the result of metamorphi^-Mi^Mi 
action on the latter. Between the slate and the spots o:^:^ ( 
strings of galena included in it, there is everywhere a banc^-^isi 
of quartz, which is of variable breadth and graduates int»f^^t 
the slate, but not into the galena, its limit on that sid BFW< 
being clearly defined. In the same way,, when a rock Sz ii 
traversed by vein-quartz, as in Figs. 11, 12, and 13, Sz ii 
is found, under the microscope, that there is not the clea-^^B&i 
line of demarcation between the two substances which, U^^^^ 
the unaided eye, there seems to be, but that they graduat^^''^ 
into one another. When quartz crystals are attached t^*-B U) 
slate, there is the same internal connection. The crystaLMI-*^ 
do not appear to have been formed on the slate, but out of it^'-**" 

The hematite and manganese veins are much simpler 
their inner nature than those just described. Their genei 
form is represented in Fig. 21, which is a cross section of a^ ^ 
manganese vein at Knott, on the north side of Skiddaw. 

The chief peculiarity of veins of this class is the absences '^^ 
of veinstone, otherwise they present most of the featurei^^^' 
seen in veins of lead, zinc, and copper. There are the^^-*^ 
"horses," the "loughs," and occasionally the indefinite^^^ 
walls above alluded to, but, iu consequence of the absence 
of veinstone, the distribution of the metallic minerals is 
different. The bulk of the ore in the hematite veins that 
have been worked occurs in one or more ribs of variable 
width, which appear interruptably both lengthwise and 
vertically. They sometimes occupy the full width of the 
vein. In other cases they are narrower, and when this is 
so the ore is mainly found against either one or both of ike 
walls, the remainder of the veins consisting of coimtzy rock, 
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more or less intersected by strings and small bunches of ore, 
&s shown in Fig. 22, which represents a piece of granite 
found in the position just indicated in one of the veins in 
the granite opposite Boot, in Eskdale. Examples of all these 
modes of occurrence may be seen in the South Cumberland 
mines, Eskdale, and in the Crag Fell mines, Ennerdale. The 
rock immediately adjoining such veins is frequently stained 
^md interlaced by strings of ore similar to those shown in 
Fig^. 22 ; a curious occurrence of this kind being exhibited 
in Fig. 23, which was drawn from a piece of rock foimd in 
Bnxdell Gill, north of Skiddaw. The proportion of ore in 
veins of this class is much larger than in those containing 
veinstone. Whereas, in the latter, the metallic minerals 
iiever exceed 8 or 10 per cent, of the workable part of the 
vein, in the former they have been known to occupy 
*8 much as 60 or 70 per cent. 

JM[anganese veins are not common in the district, and only 
one or two have been but partially worked, so that it is not 
possiUe to say much about them. But the ore seems to 
<Jcciir in them much in the same way as hematite is found, 
heixig sometimes confined to a narrow strip along one wall, at 
<)tilxer times extending completely across the vein, as shown 
ia Fig. 21. 

In these veins the variety of minerals found is nothing 

I^e so great as in those of lead, zinc, and copper. Beside 

the ores of iron and manganese, which they yield, there is 

if^^x^ly any other mineral found in them but dolomite, 

<piartz, and caloite, all of which occur in crystals, but the 

fi^^ is foimd amorphous as well. Fig. 24 represents* a 

piece of hematite and dolomite from one of the veins in the 

Eskdale granite, and Fig. 25 shows the same minerals and 

tteir relation to the country rock of a vein in the Borrow- 

^e series near Gate Crag, also in Eskdale. In some of 

uie veins in that neighbourhood dolomite occupies a con- 
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spicuous place, b^ng, in fact, at times more abundant 
hematite. 

Although ores of manganese and iron frequently occur 
the same vein, so that wherever a deposit of manganese i» 
met with it contains more or less iron in some form or oth^ ^y 
yet the hematite veins yield scarcely any manganese unle?^* 
it be a small quantity disseminated through the iron or" ^* 

In taking a general view of the inner nature of mm&r^^ 
veins, no matter whether they have veinstones or not, ^ 
close observer will not fail to see the apparently sem^^" 
stratified form assumed by everything in the vein. Tt^*-^ 
"horses," the "loughs," the "ribs" of mineral, and eve^^^i 
occasionally the spots and blotches, all have approximately^ 
the same " hade " as the vein. This is very well seen 
some of the pits sunk on the back of the Nab Gill vein, 
Eskdale. It is also exhibited, although less distinctly, 
the back of the Q-oldscope copper vein, where, as at tlx^ 
Panholes, some of the vein has been worked away at tti.^ 
surface. 

Some veins, such as that in Clews Gill, between tlx^ 
Skiddaw slate and syenitic granite, are doubtless on ttx^ 
lines of faults, whilst others may be, but it is not at preserxt 
possible to prove whether this is so or not, on account of 
the great lithological resemblance of the beds in the neigb' 
bourhood of most veins. There is certainly not any appeaX"* 
ance of faulting in the productive part of veins, excej>* 
occasionally when, on one of the walls, a thin parting ^^^ 
clay or " douk " may be seen. This seldom exceeds an inc?t 
or two in thickness, in which respect it differs greatly fro>TMX 
the crushed material accompanjdng most undoubted faul^^ 
of any size. Large faults are frequently several yards wii^^ 
and seldom less than a yard. The unproductite parts of 
veins that are filled with " douk " bear a strong resemblance 
to the effects of faulting. 
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7. MiNBRAL Contents. 

In dealing with this part of the subject it may perhaps 
as well to retain the distinction made above of veins 
with, and without veinstones, for, as will presently appear^ 
by far the greater number of minerals met with in the veina 
of this district are from those containing veinstone. 

Minerab found in Veins {with Veinstone). 

Non-metallic Minerals. Where Found. 

Calcite As crystals in the loughs of some veins at 

Goniston and elsewhere. 
Arragonite • • . .In loughs at Brandlehow, somewhat rare. 

Dolomite In small quantities in most veins. 

Barite Frequently in veins of galena and blende. 

A^patite In Caldbeck district, uncommon. 

ftuartz Inall veins — both amorphous andin crystals. 

Saponite Coating calcite and chalcopyrite at Coniston. 

Metallic Minerals. 

Limonite With galena at Loweswater, and elsewhere 

on the " backs " of veins. 

Siderite At Force Crag, coated with barite. 

Ihnenite . . . .Carrock Fell. 

•ikrmoco- I Caldbeck Fells, 
sidente. . . . J 

^yxite Common in most lead and copper mines. 

■"^arcasite . . . . Woodend. 

"^OTsenopyrite . .Goldscope and Dalehead. 

"^Jrrrhotite . ,. .Coniston, with chalcopyrite. 

"Ml^agnetite . . . .Abundant at Coniston with chalcopyrite and 

traversed by dolomite, 
^^anganite . . . .Uncommon, traversing barite at Force Crag 
Psiiomelane . .Roughten Gill and Dry Gill. 

/Wad Skiddaw and Blencathra 

Erythrine, . . .Force Crag, 
^maltine Coniston and Force Crag. 



Carrock Fells. 
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Ohloantliite . . . .Coniston with carbonate of lime. 

* Melaconite • .Boughten Q-ill 

Malacliite . . . .Bare in some copper veias but commoner 

others. 

* Olivienite. . \ 

^ - ,,, f iiou&:hten Grill. 
Brochantite. . J 

ChrysocoUa. . . .Red Gill, Roughten Gill, and Goldscope. 

* Chalcosine . .Red GKll and Roughten GilL 
Chalcopyrite . .Rather rare in most lead veins, but comnL- 

in copper veins. 

* Molybdine. . \ 

Molybdenite. . 
Wolf ramine . . 
Scheelite .... 

* Wolfram . . / 

* Antimonite . .Bassenthwaite and Helvellyn, rare. 

* Native Bis- \ 
muth L ^^ j,^jj^ 

* Bismuthine 
Tetradymite. . / 

Gerussite Common in some lead veins, rare in oth( 

Anglesite. . . . 
Linarite .... 

Leadhillite . . 

* P livl *f ( ^^ ^^^ ^^^ neighbouring veins. 

Pyromorphite 
Mimetite .... 

Stolzite Found only at Force Crag. 

Galena Somewhat rare in copper veins, plentifoL 

lead veins. 

* Calamine . .^ 

* Aurichalcite > Roughten Gill. 

* Smithsonite ) 

Blende As a rule conmion in lead veins, but ratlin 

rare in copper veins. 
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Without Veinstone, 

L -metallic Minerals. Where Found. 

artz As crystals in the loughs of most veins. 

Lomite ..... .In Eskdale, as shown in Figs. 24 and 25, 

and at Kelton and Knockmurton in 

loughs, 
cite As crystals in loughs^ rather rare. 

allic Minerals. 

matite Amorphous and as crystals of specular iron 

in most veins. 

rolusite . . . . Amorphouig and in crystals \ 

J Wiley Grill. 
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nganite 

The minerals and localities marked thus * are given on 
authority of Mr. Bryce Wright and Mr. J. Postlethwaite, 
ey are all uncommon and occur only in small quantities. 
Fhe association, in veins, of the more abimdant metallic 
aerals will be best illustrated by a short statement of the 
ncipal ores found in a few of the veins that have been 
St extensively worked. 

Name of Mine. Principal Ores, 

Coniston Chalcopyrite, Pyrite. 

Tilberthwaite „ „ 

Yewthwaite Galena, Blende. 

Force Crag „ „ 

Woodend „ „ Pyrite. 

Roughten Gill „ Chalcopyrite. 

Greenside „ 

t^yrite is very common in copper veins. It is the decom- 
^ition of this mineral which gives rise to the snuffy brown 
Lour of the veinstone from copper mines, after it has been 
the surface a few years, as at Goldscope and Dalehead. 
-Limonite, which is sometimes called "Gossan," is occa- 
^Xially found in large quantities on the "back" of veins, 

22 
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whicli have the prevailing direction of copper veins. Tt; ib 
quite cellular and streaked and spotted with quartz, heiixg 
clearly an alteration-product, probably from pyrite. A^n 
analysis of some of this gossan is given below : — 

Limonite from back of East and West Vein. 

Combined Water 14-86 

Peroxide of Iron 71*15 

Alumina 1*67 

Manganous Oxide 0*41 

Lime trace 

Magnesia 0*12 

Phosphoric Acid 0*25 

Sulphuric „ 0.06 

Insoluble Siliceous matter 11*49 

10000 
Metallic Iron 49-80 

" Gossan," an oxide of iron but not limonite, is also founi 
in the interior of veins in small quantities, generally alonj 
lines of jointing, or lining small cavities. 

Small quantities of the ores of nickel and cobalt havi 
been met with at Coniston along with chalcopyrite, anc 
about half a ton of each has already been sold. 

When the more frequently occurring minerals are examinec^^:^^^ 
in certain relations it becomes quite evident that they havi 
been introduced to the veins at different times, and thai: 
formation appears to have preserved a somewhat definit— ^ 
order in the different veins. It is clear, if one mineral L ^ 
found coating the crystals of another mineral, that th 
latter must be the older ; or, again, when one mineral 
traversed by strings of another there can be no doubt thjfc'^ 
the latter is the younger. Now, adopting this method c^^ 
observation, the following facts may be recorded : — 
Barite is found on crystals of quartz, blende, and galena- 
Blende „ „ galena and quartz. 
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-rite is found on crystals of galena, blende, and quartz, 
alcopyrite „ „ galena and quartz, 

lena „ „ blende very rarely, 

.artz crystals „ „ blende, pyrite, galena, and 

chalcopyrite. 
^gain, barite, pyrite, and quartz are each found in fine 
*eads in blende, and so it is sometimes found that galena 
verses chalcopyrite. 

Fhe result of an examination of this kind appears to be 
it the main body of these minerals was introduced to the 
xis in the following order : — 

1. Quartz. 4. Blende. 

2. Chalcopyrite. 5. Pyrite. 

3. Galena. 6. Barite. 

This order has not been tested in all the mines, but it 
Ids good for many of them. As shown above there are 
partures from it occasionally, as, for example, where 
lena is found on blende, or again where chalcopyrite 
pears on galena, but these exceptions are not of 
^uent occurrence, and only go to show that although 
e bulk of the minerals were deposited in the order 
^Utioned above, yet small quantities of some of them, at 
y rate, were deposited at other times. Quartz, for example, 
^ deposited mainly before any of the metallic minerals, 
t it was also introduced after them, as is shown by the 
-t that threads of quartz are found in some pieces of 
^Ude, and " loughs" in the latter mineral are sometimes 
^ed with quartz crystals. Moreover, quartz is found in 
y^Btals on galena, pyrite, and chalcopyrite. The more 
^ntly deposited quartz is usually less milky and more 
^Bsy than the other, and is, as a rule, in crystals, whereas 
^ first formed quartz is amorphous. 
The metallic yield of the principal ores is as follows : — 
Ghalcapyrite is very variable in its yield, ranging between 
^ and 18 per cent, of metallic copper. 
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The Galena contains metallic lead in quantities varyin:^-? 
from 60 to 75 per cent., and some of it is very, rich in sflv^^^> 
11 to 12 ounces per ton being common, and the Rought^^^ 
Gill ore is said at times to contain as much as 35 ounces -^^^ 
silver per ton of galena. 

The yield of zinc from Blende may be taken as betwe^^^ 
40 and 47 per cent. 

Below are complete analyses of some of the ores from ttr^^ 
hematite veins, and also of one of the ores of manganese : 

Mb Gill, JEskdale. Kelton Fe^^^ 

(1.) (2.) (3.) (4.> 

Ferric Oxide 92-57 27-43 80-22 69-L ^ 

Manganoua Oxide 0-02 0-03 0-04 O-O^ 

Alumina 0-88 6-10 0-26 2-»0 

Lime 0-50 23*10 1-64 0' 

Magnesia 0*08 9*04 0*03 

Phosphoric Acid 0-03 0*04 0-03 0- 

Sulphur 0-01 0-02 traces 003- 

Insoluble Siliceous matter. . 2-05 2-15 16-17 22-52 

Carbonic Acid and Water. . 3-70 32-00 1-20 5-20 

99-84 99-99 100-12 99-8S 

MetaUic Iron 6480 19-20 66-15 48*40 

No. 1 was dried at 212° F. 

Pyrolmite from Wiley Gill. 

Water combined 3-86 

Alumina 2-18 

Binoxide of Manganese 65-53 

Protoxide of „ 23-33 

Lime trace 

Magnesia 3-74 m^^ 

Phosphoric Acid 0'62 

Sulphuric „ 0*02 ,,^ 

Siliceous matter 0-72 

100-00 l^a 

Metallic Manganese 59*50 1^ 
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8. Age and Origin. 

This part of the subject being necessarily of a conjectural 
J3.d argumentative character it might have been advan- 
ageous to have examined the conclusions arrived at by 
tLers before indicating those that seem to be deducible 
rom the foregoing facts. But, unfortunately, such opinions 
Lave not been recorded for this particular district. As, 
.oirever, there is no great difference between the mineral 
oins of the Lake District and those of other areas, it may 
ot be amiss to consider for a while some of the more 
oaportant opinions held by writers on the theory of mineral 
eins in general, so as to see how far such so-called theory 
u.cceeds or fails in explaining the facts hereinbefore 
Leecribed. 

The general opinion hitherto held seems to have been 
hat mineral veins are filled fissures. This was the opinion 
rf Oppel (about 1750), Pryce (1778), Werner (1791), Came 
1822), De la Beche (1853), and of a number of other writers 
'•t intermediate dates, whilst the same idea is set forth in 
3-eikie's recent (1882) Text Book of Geology. 

The varying width of veins has been attributed generally 
^ the sliding of the sides thereof upon one another. 

De la Beche, at p. 668 of his " Geological Observer," 
ecoud edition, says, — " Proceeding to examine the filling 
^ cavities and fissures of larger dimensions, and such as, 
^^t confined to minor volumes of rocks, can be traced for 
^Jisiderable distances, and the depths of which are unknown, 
^ observer will have not only to bear in mind the incrust- 
•^^otis of the sides of such fissures by the substances which, 
^^sing amid the pores or small fissures of rocks on the 
^^or scale, are ready to fill up or encrust any cavities pre- 
^Uting themselves, no matter of what kind or how formed, 
^^t also to consider the kind of substances, and their mode 
^^ Action upon each other, which may be derived from 
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various distances and sources. Viewing a considerab^-^^ 
fissure in its simple form, somewhat vertically traversii:::^*^ 
various beds of dissimilar rocks, each affording some differe^^^** 
or variously combined matter and solution, and confiniE^^? 
his attention at first to solutions, the geologist has a mo^^^ 
complicated problem presented to his attention than iiz^^^ 
mere infiltration of mineral matter through the pores crr::^f 
rocks into small cavities and fissures in them. He has ^E^ 
regard not only the probable combinations and decompcr:::^- 
sitions affected by a mixture of substances introduced in*:^ 
the fissure, but also the motion of the whole of the liquSl^ 
in it according to temperature. The fissure may either h^^ 
one through which waters rise to the surface of the laiiB-^ 
and overflow it, thus discharging large volumes of wat^^i" 
containing mineral matter in solution of various amoun^.'fc 
and kind, or the liquid may merely rise to such a height 
the fissure as to remain confined to it and the portions 
rook adjacent, amid the pores and interstices of which 
may also enter. According to temperature, also, will 
have to bear in mind the solubility or deposit of the matt^ 
generaUy in the liquid, permitting some of it to remain 
solution while other parts were deposited coating the wi 
of the fissures." 

Cotta, at p. 26 of his " Treatise on Ore Deposits,*** says,- 
" Veins are aggregations of mineral matter in fissures ^>^ 
rocks," and at p. 35 there is the following statement wi-i^J* 
reference to the breadth of veins : — " The breadth of eaoft 
separate lode is frequently very variable in different por- 
tions. This dissimilarity is a consequence of slides, which 
the enclosing walls of the fissure have imdergone, whereby 
every deviation of the fissure from a plane would cause a 
widening or narrowing of the same." f '* 

At p. 591 of Geikie's " Text Book of Geology" it is |^ 

* American edition, 1870. 
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stated that ^^ a mineral yein consists of one or more minerals 
deposited within a fissure of the earth's crust." .... 
** Considerable variations in breadth may be traced in the 
same vein. These may be accounted for either as due to 
uxiequal solution and removal of the walls of a fissure, as in 
tlie action of permeating water upon a calcareous rock ; or 
to the irregular opening of a rent, or to a shift of the walls 
of a sinuous or irregularly defined fissure." 

In taking a general view of mineral veins one of the first 
objections to the foregoing explanations that must rise in 
th.e mind of every miner is the impossibility, so far as his 
experience goes, of the walls remaining intact and apart 
wliilst the vein matter was being deposited. This difficulty 
can only be properly appreciated by those who are acquainted 
^th vein- mining, and who, therefore, know the great ten- 
dency of vein-walls to close together, and also the liability of 
the " hanging " wall to break and fall away. The " back " 
^f the Qoldscope copper vein above the adit was, at one 
place, worked away to "day." This place is known as 
^^ Panholes, and is shown on Plate 4. The breadth of the 
veux originally worked out, near the surface, would be 
^^out 3 feet, and its length about 40 yards, and although 
^l^is length is a trifle compared with the open spaces there 
^Ust have been in some veins, if the fissure explanation be 
^^^trect, yet such has been the effect of the atmosphere and 
^^ler denuding agents on these walls at the Panholes that 
^^ge masses of rock have fallen away from the higher part 
^5 them and completely blocked up the opening that pre- 
viously existed below. The fallen pieces of rock being 
1 limned in between the walls have no doubt prevented those 
^alls from falling away as far as they otherwise would have 
^one, but sufficient has already taken place to show that 
^liera never could have been a pre-existing fissure where the 
^ein now is. Similar facts may be witnessed in almost 



any eztenaive mine that has heea abandoned for a r - - 

years. The difficulty of keeping the walls apart at Go- ■ 

scope 18 referred to by C Twite in his report to "^Bz^J 
Commissioners appointed to enquire into the coDdition • 

all the mines of Great Britain, wherein he says " ^C^Jb 
ground is very difficult to keep open after the lod» is 
worked away, requirmg heavy timber " 

A further objection to the fissure idea is presented by -tb^ 
" horses." The planes of lamination in these pieces of rock 
are always parallel to those of the wall rock Many of ibe 
" horses " are, moreover, entirely surrounded by veinstone, 
an shown below, Fig 26, a position which it la impossible 
they could have occupied if thev had fallen from the hang- 
ing wall of a fissure, for under such circumstances they 
must have dropped on to the " lying " wall, as represented 
in Fig. 27. 
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Other objections than these might be made, for example, 

unless it be assumed that at the time the " horse " fell the 

fissure had been filled just up to the level of C Fig. 27, 

there would be nothing then to prevent the " horse " from 

sliding down into the position shown in Fig. 28* It may 

be said that the filling of veins was not effected by the 

deposition of material from the bottom upward, but from 

the sides towards the centre. In that case it might be 

assumed that before the '* horse " fell a certain thickness of 

veinstone had been deposited on the " lying '* cheek, and 

also on the " hanging " side of the " horse," so that the 

latter could never get into the position shown in Figs. 27 

and 28. But even if that were so there still remains as 

much difficulty as ever in accounting for the actual position 

of the " horse " as shown in Fig. 26. It is very well 

known to miners that the veinstone on each side of a 

*• horse" {a and b Fig. 26) is often quite as wide as that 

in the vein above and below it {c and d Fig. 26.) In those 

particular cases, therefore, it is quite clear that the " horse " 

cannot have fallen. How, then, is the space between it and 

the " hanging wall " accounted for ? That it was not 

caused by a second fracture is certain, otherwise the width 

of the vein both at c and d (Fig. 26) should have been 

equal to the sum of the widths of a and b. This is, of 

course, on the assumption that there has not been any 

fiUding of the walls vertically, and that there has not been 

any such movement, in some cases at least, where the facts 

recorded in Fig. 26 may be exactly paralleled, is abundantly 

clear. Take, for example, the Bonser vein at Coniston, a 

cross section of which is given in Plate 7. It is impossible 

there can have been any vertical sliding in that vein, for 

reasons which must be at once apparent to everyone. Yet 

** horses " have often been met with there exactly as shown 

in Fig. 26. In the same vein, too, that is the Bonser vein, 



considerable Tariations of width are met with, a fact whioH 
proves that such variations are not the result of vertiosl 
sliding, as generally supposed, for it is certain that if th^ze 
has been any movement at all of the walls of this vein it 
has been lateral and not verticaL 

One of the best proofs that the variations in the wiJ.'tli 
of a vein are independent of vertical sliding is to be fouxn^ 
at p. 678 of De la Beche's " G-eological Observer," althoTi^l 
there used for another purpose. It is a section across blie 
lode at Wheal Alfred Quioear, and is reproduced below in 
Fig. 29. 




Fig. 29. 

■a i, ElTftn djke, 300 feet thick, intBraecting slate, e i, Ic**^ 
G-9 fast wide, above Elvaa, S6 feet in Utter and 10 feet in slate below Elv^^' 

It is quite clear that the great increase in the breadth *"* 
the lode whilst it is in the Elvan is not due to any slidici^ 
of the vein-walls upon one another, because there has O"* 
been any such sliding, as shown by the unbroken course oi 
the Elvan. 

The occasional indistinctness of the walls of vkbb ^ 
another fact which is inexplicable on the supposition uxC 
diey once formed the sides of a fissure on which the vein- 



329 

stone was deposited. Surely, if such had been the case> 
there could not have been the least difficulty in pointing out 
the exact plane on which the deposit commenced. 

But there is a far greater objection to this fissure or 
fracture explanation in its application to the veins under 
consideration than any of those just mentioned. It is 
perfectly evident from the section exhibited in Fig. 10 that 
Any single fracture would not account for such a vein as is 
shown there, and it is quite as certain that any number 
of possible fractures when filled could not produce that 

• 

i^egular network of quartz. Such, however, is the com- 
monest form of the veins of this district. Again, the 
^^possibility of accounting for such appearances as are 
shown in Figs. 11, 12, and 13 by the assumption that quartz 

^^8 been deposited in pre-existing fractures will become 

^OTe and more manifest as the matter is further considered. 

* et such complicated relations of veinstone and country 

^^ck are of the most frequent occurrence. 

between a vein as a whole, and any of its parts, such 
^^ are shown in Figs. 11, 12, and 13, there is so much 
^^setnblance that it is more than probable they were both 
^^iined in the same way and at the same time. Now the 
Partg referred to clearly did not result from the filling of 
^ssxires, and it is just as obvious'that the veins as a whole 
^^X'e not so formed. The difference' between quartz strings 
^^aversing small pieces of rock, and powerful veins inter- 
dicting extensive areas of country, is not one of kind but 
^^^ply of degree, so that it would be irrational to assume 
^llem to have originated differently, unless there were 
^^dence necessitating such a course, which there is not. 

This consideration, combined with the arguments already 
Educed, must, it is submitted, shake the faith of the most 
^dent believer in filled fissures, and such a result would, no 
doubt, be in itself a gain in the interests of real knowledge ;. 
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l)ut, it may be asked, as it often is in other cases where t^I^^ 
iconoclast is at work, what is offered in. place of that wM^^"^ 
is taken away? Is there any other explanation of vei"^^^ 
possible ? The facts set forth in the fifth part of t 
investigation, it is submitted, suggest — ^nay, compel— t 
adoption of another explanation, which will now be given. 

It has been seen that when fragments of Skiddaw sla 
from the interior of a vein, are submitted in transpare 
slices to the microscope, the slate in places seems to ha 
been altered to quartz. 

It has also been shown by chemical analysis that t 
proportion of silica in the walls of veins increases as t 
veins are approached. 

The analyses given in the introduction show that all t 
rocks in which the veins occur contain a large proporti 
of silica — from about 57 per cent, in Skiddaw slate to 
per cent, in Eskdale granite. 

It has further been seen that the veins are mostly, if i:e-<i>'^ 
always, coincident with one or other of the different sets <^^ 
jointing by which the rocks are intersected. Some of 
joints are very much stronger and more persistent th 
others, and, probably, for reasons which will hereaffc^^ 
appear, those along which the veins have been formed w^x'^ 
stronger still. Some of them might actually be lines <^^ 
faulting, for no doubt great numbers of faults would 1>^ 
formed at the time the district was undergoing those gro»^ 
volcanic and Plutonic disturbances referred to in the intro- 
duction, and what more likely than that these faults should/ 
coincide with the joints then existing, for they wovld 
undoubtedly be the lines of least resistance. 

Bischof, in his " Chemical and Physical Geology," '^ol 
iii., p. 122, after giving the analysis of a clay slate from I 
Morgan Rothe Mine, Siegen, states that " by hot saiphaic I ^ 
<acid all the bases were extracted from the slate/' I . 



331 

Xt would thus appear that there is a very simple and 
itural way of accaunting for the quartz which forms the 
Ok of the veins of this district, without assuming, what 

opposed to all experience, that long, deep, and narrow 
sixres at one time traversed the rocks in all directions. 

Sulphuric acid is one of the commonest of volcanio 
lanations, and, therefore, in all probability, was abundant 
"fclie Lake District during the disturbed times previously 
ofeen of, so that it is only necessary to assume that solu- 
ms of this acid found their way upward along lines of 
lilting, or along some of the more powerful joints, and 
ere are present all the conditions required to produce the 
oaplicated network of veinstone which forms the basis of 
>st of the mineral veins of this district. The acid solu- 
>ix would rob the rocks adjoining the joints or faults of 
^ir alkalies and alumina, &c., and the liberated silica 
^xild be re-deposited as quartz. One of the first conse- 
^nces of that operation would be the appearance in the 
^rtz of cavities, equal in volume to that of the materials 
^oved by the acid solution. The magnitude of those 
^ties, in the aggregate, may be approximately estimated 
follows : — 

Quartz Veinstone. 

CJomposition. Relative Weight. Relative Volume. 

SiUca 64-56 67-66 

Alumina 22*72^ 

AlkaHes, &c 9-98( 32-34 

Water 2-74) 

100-00 100-00 



It thus appears that the cells would be about 32 per cent. 
if the total space occupied by the quartz. These cells 
JTould, in all probability, be distributed through the vein-^ 
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«tone, just as they are in the cellular quartz sometimes m ^ 

with in veins at the present day. 

Hitherto reference has only been made to the formatic:i:z>-ii 
of quartz veinstone, but the carbonate of lime, which hoi 
«ver only occurs in very small quantities, comparative] 
could be derived from the same source, as will be appar^ 
from an inspection of the analyses — but the lime of t" 
original rock being soluble in the acid solution it woi 
require the presence of some salt, such as carbonate of sodM^^s 
to precipitate it. At such times as those in which the vei 
were formed this salt would probably be plentiful. 

The formation of veins being thus accomplished, t1 
manner in which the metallic minerals were subsequentl^y 
deposited in them remains for consideration hereafter. IK^'^ 
the meantime, it may be advisable to see how far the resuL 
to be expected from such a mode of formation as tb 
suggested are in agreement with the actual appearand 
presented by veins. 

It is submitted that the proposed explanation rendei 
<5ompletely intelligible the facts referred to below : — 

1. The intimate relation between the mineral characters' 
of the country rock and that of the principal parts of th- 
contents of veins. It has been suggested by Mr. J. Gh^ ^ 
Goodchild,* in a paper on the minerals occurring in Cum- 
berland and "Westmoreland that the siliceous character oi 
the veinstones of the Lake District depends upon the time 
at which they originated, but on the view set forth above 
it would appear that the composition of the enclosing rock^ 
is the chief determining factor. 

2. The interlacing of the country rock with quartz, as 
shown in Figs. 10, 13, and 20, would result from the action 
of the acid solution along lines of intersecting joints. The 



* Transactions of the Cumberland Association for the Advancemeiit o 
Literature and Science. Part VII. 1881-82. 
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ions form of the quartz in Fig. 12 may also be easily 
Dunted for in a somewhat similar way. 
I. The unbroken or undisturbed condition of the vein- 
Is is a necessary consequence of the fact that they have 
er been left unsupported, whilst their indistinctness in 
le cases is only what might have been expected from the 
are of the action producing the veinstone. 
:. The occurrence of " horses," as shown in Fig. 26, is 
fee intelligible if it be supposed that there originally 
sted a strong joint on each side of them along which the 
1 solution operated. 

». Loughs, which are usually looked upon as part of the 
tnary fissures that have not been filled, are, on this view, 
consequence of the removal of material which originally 
sted in association with some of the quartz at present in 
» vein. Probably they have been produced since the 
tallic minerals were deposited. 

6. The evidence of pre-existing faults on the lines of 
Ins would by the suggested action be destroyed, which 
»uld account for the absence of such evidence now. The 
ly partings or " douk " sometimes met with, as previously 
BUtioned, may be the result of a small movement which 
8 taken place since the formation of the veinstone, or it 
^y be that the "douk," which occupies so much of the 
^productive parts of veins, existed before the veinstone, 
^y owing to its impervious nature, prevented the circula- 
^ of acid solutions in those parts of veins where it occurs, 
iich Would account for the absence of veinstone there. 

' • Variations in the breadth of veins would follow as a 
^^^bI consequence of that variable solubility of different 
^^ of a rock, which is so well known. 
*^n tlxe same way considerable light is thrown upon many 
^^^ facts which need not now be specially mentioned. It 
^y> however, be interesting to inquire what were the 
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particular physical conditions under wliich su( 
changes as are suggested were possible. Froi 
s6opic examination of veinstone — ^adopting the 
investigation first employed by Sorby — ^the (n 
reached that the veinstones of the Lake District ^ 
under a pressure of at least 30,000 feet of 
unreliability and the diflBculty of using Sorl 
were perhaps never more clearly established t 
particular instance. From the relation borne 
veins to the stratification and cleavage of t 
which they occur — ^many of them, and the o 
coincident with the cleavage — it is quite certaii 
veins were not formed before the Devonian er 
time the Silurians had been very severely dislo 
and denuded, and had, approximately, assumed 1 
stratigraphical relations, as is shown by the fac 
member of them is, at some point or other, 
Carboniferous rocks. It is therefore impossil 
veins were ever covered by the thickness of roc 
above. It may be said, of course, that the vei 
formed until after the Permian era, when be 
boniferous and Permian rocks were spread o 
Lake District. But it is most improbable that 
ever did cover the Lake District. One very 
unrecorded fact may be mentioned as bearing o 
At the Crossfield iron mines, near Cleator, in 
shale separating the fourth and fifth limestones 
boniferous limestone, a perfectly rounded bouldc 
dale syenitic- granite was met with.* It was al 
of a duck's egg, but less elongated, and exactly 
every respect as boulders of the same kind of i 
now be found on the sea beach at St. Bees. 



♦ This boulder is in the possession of the author, and vf 
by Mr. J. M. Main, the manager of the Crossfield mines. 
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ishio^^s that at the time the lower beds of the Carboniferous 

limostone were forming the Ennerdale syenitic-granite was 

abo^ve the sea. Whether it so remained throughout the 

■carlK^nif erous period has not yet been ascertained, but it is 

probable that it did, for in the breccia forming the 

of the permians in this district fragments of lavas and 

and of Ennerdale syenitic-granite are very abundant.* 

^o doubt a considerable amount of denudation took place 

l>etr^een the close of the Carboniferous era and the deposi- 

"fcioxx of the breccia, but that is really immaterial to the 

^^^gximent, for if any part of the Carboniferous rocks ever 

did overlay the Ennerdale syenitic-granite it had clearly 

D^en removed before the permian breccia was formed. The 

™.osti that can be said, therefore, is that a few himdred feet 

^f izpper permian rock (St. Bees sandstone) may have 

^^"^ered the Lake District, but that is most improbable, 

altlxoiigh there are not any facts known which will directly 

disprove it. 

Iti is more than likely that the mineral veins were formed 
^^^^^itxg one or other, or perhaps in part during each, of the 
P^^ods of disturbance which have* left so many marks upon 
^o district. One of these periods, as previously mentioned, 
^t^oirvened between Silurian and Carboniferous times ; 
^^^^'tlier ushered in the Permian era, whilst one series of 
^^"^^ments, if not more, of a somewhat violent character 
^^^ place in Mesozoic or Neozoic times. Now the 
^*^^>xant of denudation to which the Silurians have been 



., ^ince this was written, Archibald Geikie, F.K.8., Director General of 

p 'oi-eological Survey, in a lecture delivered at the Eoyal Institution, 

j^^2^^*^*^^ry 5th, 1884, ** On the Origin of the Scenery of the British Islands," 

^^id, — " The carboniferous limestone on the flanks of the Lake District 

"tiliick that it must have spread nearly or entirely over the site of the 

» ^^^tadns. But it was overlaid by the millstone grit and coal measures, so 

"tie whole area was probably buried under several thousand feet of 

^^^xiiferous strata."— iV«/Mr^, p. 347, vol. 29. 
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subjected since Deyonian times — ^the furthest back that the 
formation of these veins can be placed — ^probably does not, 
in some parts of the district at any rate, exceed 3000 or 
4000 feet; so that the thickness of rock orerlaying some of 
the veins, at the time they were f ormed, cannot have been 
greater than that. 

The next matter to be considered is the introduction of 
the metallic minerals into the veins. Whatever may be the 
age of the veinstones the metallic minerals must be younger, 
but how much yoimger it is impossible to say. It has been 
seen that the cavities in the cellular veinstone would, in the 
first instance, amount to about 32 per cent, of the total 
volume of the quartz. It has also been seen that the 
metallic minerals do not occupy, in any case, more than 
20 per cent, of the bulk of the veinstone, so that there 
would be abimdanCe of room for those minerals in the 
quartz cavities, and there would be sufficient space beside 
for the accommodation of the non-metallic minerals, such 
as barite, that were formed after most of the metallic 
minerals, as well as for the large quantity of quartz, in 
crystals, which has found its way into the vein at various 
times since the first introduction of the metallic minerals. 

In this way it is submitted all the complicated appear- 
ances met with in veinstone veins may be explained. Of 
course it is not to be supposed that the cavities left in the 
veinstone after its separation from the bases associated with 
it in the original rock were all of one size and form. Some 
of them might be long, deep, and narrow, so that, when 
filled, they would form " ribs " of ore ; others might have 
the form and dimensions of '' bunches " of ore, but the buU 
would most likely be such as, when filled, would giv 
rise to the " spots " and " blotches " so common in \eins. 

The next question that arises is, where was the source 
the metallic minerals P All those which occur in the lar/ 
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quantities in veins are sulphides. They are the following : — 

1. Chalcopyrite = Cu S + Fe2 S3 

2. Galena = Pb S 

3. Blende = Zn S 

4. Pyrite = Fe S2 

The other minerals are much less abundant, and some 
of them are very rare. A few are sulphides, but they are 
mostly silicates, oxides, or carbonates, and are probably only 
alteration-products from the above mentioned sulphides, so 
that it is only necessary to ascertain the source of the latter. 

Now the source of sulphur combinations, such as the 
above, so far as all experience goes, is volcanic, and seeing 
that this district has, on several occasions, been the scene 
of extraordinary volcanic activity, it is nothing more than 
might have been expected that metallic sulphides, and even 
non-metallic sulphates, such as barite, should have been 
produced during those disturbed times, and that they should 
have been deposited in the rocks if there had been a suitable 
receptacle for them ; and, surely, there could not have been 
anything better adapted for such a purpose than the cellular 
quartz of the veinstone as it was originally formed. 

The only difficulty now to be overcome is as to how the 
sulphides were produced? Were they condensed from 
sublimed vapours, or precipitated from aqueous solutions, 
as it is quite clear from the nature of the veinstones that 
they • could not have been injected as igneous-fluids P 
When sulphides of iron, zinc, lead, and copper are heated 
in the presence of air, oxygen, or steam they are decom- 
posed, therefore if pyrite, galena, chalcopyrite, and blende 
resulted from the condensation of vapours, it will be neces- 
sary to assume that the exact combining proportions of the 
sulphur and metals were present in every cavity of the 
cellular quartz, which is next to impossible, because the 
condensation would not be a simple condensation of sulphides 
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that had just been vapourized, but the production of 
definite combination from an indefinite mixture of elementi 
substances that in all probability had previously exis" 
quite apart. It seoms, therefore, more likely that the o:x: 
were precipitated from aqueous solutions in the way indica-^^ 
below for blende, although the reaction necessary for 
production of each ore might be different : — 

Solution. Precipitant. Precipitate. 

Zn Ha SOfi K2 S or Nag S Zn SH2 O 

At ordinary temperatures the resulting zinc sulphicie 
would be hydrated as shown above, but it is probable tttGt 
at such higher temperatures as accompanied these reactioxi£^ 
under pressure, the precipitate would be anhydrous, as is 
known, for example, to be the case with hematite. 

K2 S or Na2 S would result from the action of sulphuric 
acid on the alkalies in the country rock. 

It is only necessary for one metallic solution to have been 
present in the vein at once, because it has been seen ttat 
the different ores were not all deposited together but ixi 
succession. This, also, partly explains why it is that sontx^ 
minerals are more abundant in veins having certain direo- 
tions than in those with other courses. Take chalcopyritefo^ 
example. This ore is most frequently and most abundantly 
found in veins having an easterly and westerly bearing. I* 
also appears that it was the earliest of the metallic mineral^ 
to be introduced into veins, and this may be the reasoi} tli»^ 
it is so much more abundant in east and west veins than i^ 
those which may be roughly spoken of as north and souil'' 
veins — for the east and west veins seem to have existed 
first. This may not be so in every case, but it is in a larf^ 
proportion of them, and notably so at Goldscope, where th^ 
east and west copper vein has been shifted by the north an^ 
south lead vein. Facts of similar import may be observeil 
in adjoining areas, such as the Whitehaven hematite district' 
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ere, owing to great lithological Tariations in the strata, 
^ existence of faults and their relative ages are easily 
pertained, and it is a well established fact that the east 
i west faults are older than those which are nearly north 
i south. 

The banded structure so common in the veins of other 
tricts is not met with here, but the phenomena exhibited 
such veins may be quite easily explained with the help 
the foregoing considerations, without assuming that they 
re preceded by fissures or that the banded appearance of 
^ir contents is due to the repeated opening of such fissures, 
ppose a narrow vein of quartz had been formed in the 
y herein suggested, and that the pores or cells in it had 
in filled by some metallic mineral, say . chalcopyrite. 
ppose, further, that at some subsequent period the first 
rt of this process were repeated, and that the acid solution 
ied on both walls of the vein already in existence. The 
^sequence of that operation would be the formation of 
^ additional ribs of quartz veinstone, one on each side of 
Li; containing the chalcopyrite. The pores in these two 
Br formed ribs might eventually be filled with galena — 
i 80, by repeating the process, two deposits of blende 
ght be got outside the galena. Thus it becomes possible 
account for the banded structure of veins without the 
"lunption of fissures, and thus is avoided the great difficulty 
^re would be under such circumstances in keeping the 
Us apart whilst the vein materials were deposited. The 
artz ribs formed after the first one might only be single, 
k.t is, merely on one side of the already existing vein, so 
%.t then the bands would not appear in pairs, but singly, 
'th.ej are often known to do. 

^n explanation having now been attempted of the most 
-Jortant facts presented by veins with veinstones, atten- 
^31 will next be directed to those veins without veinstones. 
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All the arguments that have been employed in the f oi 
going discussion for the purpose of exhibiting the inco 
petence of the old fissure idea to explain the facts of Ye5.xi8 
with veinstones are equally forcible now. If so, it is cl^^ar 
that the ores in this class of vein must be the result of 
substitution or replacement, for they could not possibly hc^^ve 
been derived from the original rock, like the quartz of "fclie 
veinstones. 

As elsewhere suggested,* this substitution was prob£tl>ly 
effected indirectly, the place of the original rock being fiLrst 
taken by dolomite, which was subsequently removed and 
replaced, for example, by hematite. Veins of dolomite are 
by no means uncommon in the ash rocks of Eskdale, and 
they present all the features of hematite veins, the " horses," 
the "loughs," and the same semi-stratified appearance. 
These veins probably originated in some way not unlike the 
following : — Heated water containing carbonate of soda, 
rising along the more open joints, would attack the siliceoufl 
and aluminous rocks through which it passed and carry the 
more easily dissolved portions of them away in solution. At 
the same time a part of the soda might react on the salts of 
lime and magnesia usually met with in underground waters, 
and form a precipitate of carbonate of lime and magnesia id 
the space previously occupied by the rock dissolved from the 
sides of the joints. 

From the manner in which the dolomite of these veins is 
traversed by strings of hematite, as exhibited in Fig. 24, i* 
shows clearly that the former mineral existed first. K 
therefore, it be assumed that all hematite veins were once 
veins of dolomite, their replacement may have been effected 
in some such way as the following : — It is well known tha* 
perchloride of iron is a conmion volcanic product, and if i* 

* '' Hematite Deposits of West Cumberland." N. of E. Lost, of ViiOBi 
and Mechanical Engineers. Part I. Vol. 30. 
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l)e assumed that during some period of volcanic activity a 
-solution of this salt was forced up some of the fractures or 
more open joints in the rocks, and so brought into contact 
with the dolomite veins, a chemical reaction would ensue 
which would bring about the following results: — The 
dolomite would be carried off in solution and hematite 
would be thrown down in its place, so that the walls would 
never be left unsupported, and, therefore, would not have 
any tendency to fall away. The reactions indicated have 
already been explained elsewhere.* 

The age of the hematite veins is probably early Permian. 
This is shown by two facts. First, rounded and smoothed 
pieces of hematite have been met with in the breccia 
which terminates the Lower Permian in West Cumberland. 
Secondly, a bed of hematite occurs in the Upper Coal 
measures at Millyeat, about five miles from Whitehaven. 

Finally, the principal conclusions arrived at in the argu- 
mentative part of this investigation may be summarised as 
follows : — 

1. Veins are not filled fissures. 

2. The variations in breadth are not due to the sliding of 
the waDs upon one another, but to variations in the solubility 
of the rock. 

3. Veinstone is part of the rock which originally existed 
where the veins now are, and is a result of metamorphism. 

4. The metallic minerals, hematite excepted, were deposited 
in cavities of the veinstone from chemical solutions. 

5. Hematite veins are substitutional deposits. 



* '^Hematite Deposits of West Cumberland." N. of E. Inst, of Mining 
and Mechanical Engineers. Part III., Vol. 28 ; and Part V., Vol. 31. 
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tANCHESTER GEOLOGICAL SOCIETY. 



i» XVII. Vol. XVII. Session 1883-84. 

\.t the Ordinary Meeting of the Members of the^ 
dety, held on Tuesday, the 6th day of May, 1884^ 
"the Literary and Philosophical Society's Booms, George^ 
Get, Manchester. 

Joseph Dickinson, Esq., F.G.S., Vice-President, 

in the Chair. 



tf r. M. E. Johnson, Eainhill, Prescot, Mining Engineer,. 
» balloted for and unanimously elected an ordinary 
tnber of the Society. 



Che Honorary Secretary (Mr. Martin) stated that he 
I received a letter from Mrs. Forbes, acknowledging and 
.nking the Society for the resolution of condolence upon 
» death of her husband, Mr. J. E. Forbes, which was 
&sed at the last meeting of the Society. He also 
flounced that the Society had lost two members by 
ith since the last meeting, namely : the Duke of 
'^ccLEUCH (who had been a life member since 1872), and 
*. John Lancaster, a large colliery owner, and formerly^ 
I. for Wigan, who had been a member since 1858. 
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PATENT SAFETY CATCHES. 



Mr. Brown exhibited the model of a Patent Safety Cat^^k 
applicable to cages where wire rope guides are used ; ar:^^^ 
in answer to questions^ explained the mode of workirV-S* 
In addition to a small working-model there was exhibii?-^^ 
the full-sized apparatus, which, Mr. Brown said, had be^^^ 
tested at the Atherton Collieries with a load of 25 cw"^* 
and a drop of 6 or 7 feet, there was calculated to have be^^^ 
a strain of something like four tons on one rope aloife.'^- 
After coming through the clamps it did not descend hiJ^ 
an inch. 

The Chairman (Mr. Dickinson) said that, up to tfc»-^ 
present, they had not had safety catches applied to w«^^ 
rope guides — only to the wooden conductors — ^and the^r'^ 
were nearly 200 places, in this district, where such catch 
were applied to the wooden conductors. There was not, 
his knowledge, a single catch of anybody's inventio: 
applied to the wire rope guides. Mr. Brown had statc^*^ 
that in testing his apparatus at the Atherton Collieries ^^ 
when disconnected, it dropped only half an inch befo 
stopping. He would like to ask Mr. Brown if the guid 
in use were the ordinary wire rope guides, when that gre^*- *' 
strain came on ? 

Mr. Brown : The weight we had on was 26 cwt., th^* 
was on one comer — on one single rod— and the cagew^^ 
let down as quickly as possible. 

The Chairman : Would there be no risk of such a suddaii 
jerk, thrown upon the wire conductors, breaking them, ot 
drawing a wire rope conductor through the clamps at tb« 
top ? Only last year we had a fatal accident in this district 
through a wire rope guide slipping through the damp - . 
without any weight but its own ; therefore, unless the lopes I , 
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and the fastenings are strong enough to bear such a 
jerk^ there might be really more danger than advantage 
in it. 

Mr. Brown : They can surely make the clamps strong 
enough to bear the strain, just as those of the winding rope 
have to be made strong enough. 

Mr. RiGBY : The head-gear should also be very strong. 

A Member asked if the action of the apparatus was 
instantaneous, or whether there was any " slide '* in it ? 

Mr. Brown : There is no slide whatef^er ; it is held 
almost before the rope breaks. The quicker they go, the 
easier it gets hold. 

The Chairman : The ropes and couplings do not always 
break when the cage is going up. They sometimes break 
when it is going down. There was an instance of the kind 
in this district, when six lives were lost. 

Mr. Burrows said the experiments made with the appa- 
ratus at Atherton were satisfactory. It stuck very fairly 
when the machine was in order. Once or twice it missed, 
but that they could trace to some defect in the apparatus. 
But supposing the rope broke near the drum, at the top, 
before the catch could come into play P The rope had to go 
quicker than the cage, so that the lever could lift it. So 
long as the rope was tight it could not work. The difficulty 
he had was to know what should make the rope overtake the 
cage sufficiently to enable the lever to come into play. 

Mr. John Knowles said that at one of their pits, some 
years ago, wire rope conductors, and also iron rod conduc- 
tors, were tried. In that case the teeth of the catch were 
sharpened, to enable them to grip the wire rope or rod ; but 
they were afraid if this was continued it would tend to 
break the rope in two. Their feeling was against the idea 
of throwing an immense pressure, if anything broke in 
descending, because the wire rope conductors did not possess 



346 

the stability requisite for standing the concussion wHck 
would arise from a sudden breakage. It was, however, yery 
proper to bring forward a model of this kind, as it showed 
that there were means of dealing with a difficult subject. 
The only question was one of strengthening the conductors. 



Mr. Mabtin read the following letter which he liad 
received from Mr. G. C. Greenwell : — 



" Duffield, near Derby, 

"May 2nd, 1884. 
" To the Honorary Secretaries of the 

" Manchester Geological Society. 
"Dear Sirs. 

"After reading the paper read by Mr. Hall on 
March 7th to your Society, I am induced to draw attention 
to the paper which I read to the meeting of May 31st, 1870. 
I enclose a copy, and will be very much obliged if you will, 
at the meeting on May 6th, read over that part which I 
have scored, pp. 7, 8, 9. 

I remain. Dear Sirs, 

Yours very truly, 

"G. C. Grebnwbll." 



X xciua 



ELECTRIC CTJItRENT DOWN RIVIN (PrT) 

COLLIERY. 

Bt John Knowles, M.Inst.C.E. 



During a thunderstorm on February 21st, 1884, a distinct 
shock was felt in the workings at the New Rivin Pit, Little 
Lever. 

The Colliery is situated dose to Hall Lane, the main road 
between Moses Gtite and Raddiffe, and about three wSks 
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om Bolton ; the Upcast Fit being about 30 yards from 
e road and the Downcast 50 yards. 

Ihe Upcast Pit is 9 feet in diameter inside the brick- 
>xk, which rises as a chimney, about 24 feet above the 
ound : in this pit there is no winding, but there is one 
lUey, 5 feet in diameter, which stands without rope, to be 
od with a portable capstan engine in case of emergency ; 
ere are also two folding iron doors, which take up a space 

the chimney 8 feet high by 5 feet wide. The pit is 97 
.x-ds deep. 

rrhe Downcast Pit is also 9 feet in diameter and 97 yards 
>ep, with a sump of 14 yards further : in the pit are four 
3X1 wire guides 1 J inch in diameter, and two iron wire 
pes between the cages ; the former go into the water in 
^e sump, and the latter terminate just below the landing 
Ates. There are also a bell- wire of galvanised iron and 
inch steam pipes, which are mostly uncovered. The two 
'ges are made of iron, a steel rope being used for one cage 
^d an iron one for the other. This pit is surrounded with 
^^ ordinary cast plates and rails, but there is not any con- 
•C5tion with the chimney of the Upcast Pit. 

"^There are the usual buildings about the pits, viz., engine- 
^Tise, boilers, and cabins ; also a chimney 6 feet square and 
^ yards high, but no lightning conductor on it. 

-A.t the bottom of the Downcast Pit there are the usual 
^tes and rails, with the steam pipes extending to the two 
^gines on the east side and one on the west. Those going 
••^tward are laid up a brow with a gradient of 1 in 3 to 
^^ Lower Three Yards Mine, and then a short distance on 
Xevel to the first engine, which winds up the down-brow 
^ this mine. At this point there is a rise tunnel to the 
•c>wer Yard Mine, worked as a self-acting incline. The 
^-^am pipes are carried to the top of this timi^el, and then 
*^ a short level to the engine at the top of a down-brow in 
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the Yard coaly where a wire rope is used to wind the coal to 
this point. There is also a wire rope used in this brow to 
work a small pump which forces water to the top of the 
incline, whence it runs to the pit. 

On the west side the steam pipes are laid on a level in the 
Lower Yard Mine to a small engine, which winds coal up a 
dip tunnel from the Lower Three Yards Mine. This engine 
has a Gin. cylinder with lOin. stroke, the dip tunnel being 
48 yards long with a gradient of 1 in 5. 

The electric current appears to have struck the chimney 
at the top of the Upcast Pit about 2-30 p.m. on the day 
named. It displaced a large quantity of brickwork, and 
then came down outside the chimney, striking the ground 
close to it and making a large hole. It then went along the 
ground to the cast plates at the top of the Downcast Pit, 
and, it is presumed, went down the steam pipes, and so into 
the workings — on the east side going through the yard 
down-brow engine and along the rope to the waggons, at 
which Edward Bamsden and James Kirkman stood ; and on 
the west side passing along the pipes to the engine, where^ 
Mr. James Seddon, the manager, was. 

The strength of the current must have been very great 
as experienced by W. T. Whitehead, a waggoner, who was 
seated four or five yards from the bottom of the Downcast 
Pit. He says he saw a brilliant flash and heard a great 
noise, which sounded as if in the pit. He had the heel of 
his clog on one of the plates at the time, and felt a tingling 
sensation in his leg, which lasted a day or two ; the soles of 
his clog was burnt as if a hot iron had been drawn over it. 
When this occurred he at once went to tell the manager, Mr. 
James Seddon, and when he* got to him, although he had left 
a cold place, he was covered with perspiration and evidently 
imnerved. Another waggoner, James Hollingshead, was at 
the pit at the time, and also saw the flash and heard the noise. 
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Edward Bamsden and James Kirkman were in the Lower 
Yard Mine down-brow, about 392 yards from the pit, and 
at the time had their hands on the iron rim of the last of a 
train of waggons which were attached to the rope. Each 
expressed to the other that he felt something very queer, 
and thought he was electrified. Their idea was that the 
shock was similar to what they had received at the electrify- 
ing machine at Bolton fair. 

The manager, Mr. James Seddon, was on the west side in 
the Lower Yard Mine, at the small engine, which had just 
been erected at the top of the Jjower Three Yards Mine dip 
tunnel, 300 yards from the pit, and at the time was winding 
up the second waggon. He had his hand on the steam 
handle, and felt a shock which numbed him for a few 
seconds, so that he could not see or move, and afterwards 
caused him to give way, and bend in his walk with much 
pain. In about half an hour he came out of the pit, and 
on arriving at the surface ascertained what had occurred. 
He was still capable. of going about, and went to the chief 
office some short distance away, about 4-30, when he began 
to feel more the effects of the shock. He then went home, 
and was quite prostrated, so that he had to go to bed. This 
prostration continued for six days before he was able to get 
up and walk. Since then he has gradually improved, but 
feels the effects of the shock if he gets cold or his feet wet. 
His hearing and speech have not been affected, but the sense 
of smell has almost left him, and he has not been able to 
sleep at night. 

From the foregoing statement it appears that there must 
have been a very strong current of electricity passing down 
the iron work of the pit, and it is fortunate that much of it 
was distributed before it reached the workmen in contact 
with any metal. The manager, being the nearest in direct 
contact, appears to have suffered the most, as the waggoner 
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at the bottom of the pit was only connected with the plates 
by a wooden clog, and the two others^ at the bottom of the 
Lower Yard coal incline, only received a shock after it had 
passed many means of distribution. 

Two other cases of a similar kind to this haye occurred — 
one at the Fairfield Moor Colliery, on the 12th of July, 
1880, on which a paper was read before the members of the 
North of England Institute of Mining and Mechanical 
Engineers, and is recorded in Yol. 30 of their transactions ; 
the other was at West Thomley Colliery, on the 11th 
December, 1883, and a paper was read before the same 
Society, and is also recorded in Yol. 33 of their transactions. 




The Chairmah said that occurrences such as Mr. Eiiowles 
had described were by no means numerous in colliery 
districts. When this occurred at the New Rivin CoUieiy^^^r 
he made a personal investigation; and he ascertained,^ _, 
he thought, all the particulars which Mr. Eiiowles 
given them (though, perhaps, he had given them mor 
fully), but there were one or two men who made statements^ «s 
to him (Mr. Dickinson) who were not mentioned by Mr. *'"^. 
Knowles. For instance, a banks-man, Mark Howcroft;_ 
said that he was in the cabin, sheltering from the storm^ 
between two and three o'clock in the afternoon, when 
vivid flash of lightning came ; and on leaving the cabin, h 
found that a portion of the brickwork of the chimney a 
the top of the up-cast shaft had been blown away towards^^^ 
and beyond the down-cast shaft ; that some bricks had gonuj-^^ 
down the down-cast shaft ; and that the thunder foUowed.^^ 
the lightning very quickly, and frightened him very much. 
He thought Mr. Knowles stated (hat there was a steel ropes^ 
in the down-brow where the two boys received the shocks 
from the train of tubs. 

Mr. Enowles : An iron rope, I think. 



^ 
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The Chairman : That rope, I think, was attached to the 
chain of tubs. 

Mr. Knowles : Yes. 

The Chairman : There was also an iron signal wire in the 
brow, which I think was not mentioned. 

Mr. Knowles : Yes, there was. 

The Chairman : So that there was a communication by 
the steam pipes from the top of the downcast shaft to the 
bottom, and also in one direction to where the engine was, 
and from that engine by means of a pump pipe, a rope and 
a signal wire to where the boys received the shock at 
the train of tubs. There was also, in addition to the steam 
pipe coming in, another pipe going back to the upcast 
shaft, taking back the discharged steam water. Then in 
the other direction there was a steam pipe from the bottom 
of the downcast shaft to the engine, where the manager was 
struck. The marks it left were only apparent upon the 
chimney of the upcast. Bricks were blown away from the 
top of the chimney, and a rent was made down to the top 
of the iron doors, where a hole was forced through the 
brick-work. 

Mr. Knowles : There were no pipes down the upcast. 

The Chairman : But it first struck the upcast. Was it 
supposed that it descended the downcast ? 

Mr. Knowles: Yes, the downcast. It would then be 
distributed. 

Mr. Seddon (in reply to the Chairman) said he had his 
hands upon the handle of the engine when he received 
the shock. He did not know, until he was told afterwards, 
that an electric current had descended the pit. After the 
occurrence he became unconscious for a few seconds, and 
remarked, afterwards, that he felt a strange sensation. A 
dataler, who was standing by, said that he looked " rather 
strange," and asked him what it felt like. He (Mr. Seddon) 
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replied that it felt like electricity. A short time afterwar^^* 

some wagoners came along, and remarked that something :^^ 

the shape of lightning had come down the shaft ; but 

had no idea at the time that it really was so. 

might say, further, that the two men, Bamsden and Kirl 

ham, did not know of anything unusual having taken pla^^^^^ 

until they came out of the pit. 

The Chairman said that some of the men referred to 
Mr. Knowles described to him that the shock was sonn 
thing like what they had received from a battery at Bel 
Vue, or some other place. 

Mr. Seddon said the pit had been visited by a teacher 
electricity, whose opinion, after going to the bottom of tl 
up-cast shaft, was that there had been no electric currei 
at that place. He made a very minute investigatic 
with regard to the pipes lying in the various roade 
and it so happened that where the pipes were laid wa 
perfectly dry — only the wire rope attached to the wagoa-- 
which Bamsden and Kirkman had hold of, was slightly 
— the gentleman he referred to said that the shock migl 
have been felt most strongly in that part. In the workings — 
where the men felt it, the drum, rails, &c., were all of iro: 
The rope connected with the wagons being of the same 
and they were both under the impression, before they heai 
the true explanation, that something strange had happeni 

The Chairman said he did not think the current 
along the rails ; he observed places where they were not 
contact ; but there was continuous communication througp'I* 
the pipes in both directions. 

Mr. J. S. Burrows observed that during a thunderstorm, i^ 
about the years 1879 or 1880, a similar occurrence took 
place at the Arley Pit, of the Atherton Collieries. When 
he got to the pit in the afternoon he found aU the women 
who were employed at the screens in a great state of eiBim. 
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On asking \That was the matter lie was told that the pit had 
fired. The banksman at the pit seemed dazed. Everyone 
said that the blaze had gone down the pit, and it took him 
a long time to persuade them to get to work again. Others 
down the pit said that the place was lit up, and a taker-off, 
100 yards away from the bottom of the shaft, said he could 
see the light distinctly. It was the report — ^thunder 
or something else — which had frightened the women ; but 
no marks could be found showing damage. The wire rope 
guides were slung to weights which hung in water ; so he 
supposed the current had descended thus and spread itself 
through the damp earth. 

The Chairman : I think there were no marks left in 
the Rivin pit. 

Mr. Seddon : None whatever. 

Mr. Calvert : Said his impression was that the current 
reached the men at the tubs through the wagon rope, and 
not through any pipes. It had passed to the engine along 
the steam pipes, and then through the iron drum to the 
rope ; that, at least, was his impression. 

The Chairman : There was no rope to that part of the 
pit where Seddon felt the shock. 

Mr. Calvert : It certainly passed to him along the 
steam pipes ; from the engine on the east side it passed to 
the rope. 

Mr. Knowlbs said there was no doubt that the current 
would be strong in going down into the pit, but it had 
distributed itself amongst the metals that were there; it 
would get to the plates and strike the wagoner, and then, 
going along the East side, it would be carried by the steam 
pipes to the engines. 

The Chairman : Just as an explosion took place at the 
Kisca pit, two years ago, there was a violent thunderstorm 
going on, and some persons attributed the explosion to a 
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flash of lightning descending the upcast shaft. But the 
mine was a fiery one, making a good deal of gas, and 
I thought the explosion was explainable in other ways. A. 
doctor in the neighbourhood held the view strongly that » 
flash of lightning had done the whole of the mischief. 

Mr. Knowi.es : That is mentioned in the Transactions of 
the Northern Institute of Mining Engineers. 

Mr. Stirrup asked if it was not usual for the chimney^ 
at collieries to be furnished with lightning conductors. 

The Chairman: Some chiilineys have lightning corx' 
ductors, but there was none at the Rivin pit, I believe. 

Mr. Knowles : No, we had none ; it is but a sma.lJ 
place. 



UNDERGROUND HAULAGE AT THE ASTLEY ANO 

TYLDESLEY COLLIERIES. 

By G. H. Peace. 



The subject of underground haulage is one of increasinf 
importance, particularly in this coimty, where the greate: 
depth of the mines leads to larger areas being worked iroJC^- 
each shaft, and the economical transport of the coal froit^' 
the working places has become a matter of paramounC^ 
necessity. 

The object of the present paper is more to direct atten- 
tion to the general question than to lay special stress on ther 
modifications and adaptations of the systems described, with, 
a view of leading to discussion and in the hope that other 
papers may follow, as the writer is well aware that ther» 
are in operation more elaborate and extensive arrangements 
at some collieries in the district. 

At the older and shallower pits of the Company, the- 
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vajrioua systems of haulage comprise self-acting planes, jingle 
do^^vn-brow ropes, main and tail, and endless ropes; the 
engines in each case being placed underground, and supplied 
witli steam from the surface boilers through pipes in the 
upca^st shafts. In some cases horses are entirely dispensed 
wi-fcli, and in others are used for hauling the coal from 
the workings along the levels to the main down-brow 



-A-t the deeper pits the objection to taking steam down 
from the surface was increased, and in the case of the Gin 
Pit, owing to its distance from any upcast shaft, it was not 
practicable, nor was it possible to fix boilers underground. 
The other alternatives were then very fully considered, and 
w^liilst admitting the convenience in working of compressed 
^^^9 the much smaller first cost and economy in working of 
^ixgines placed on the surface led to the adoption of the 
^tter system with endless ropes at both the Gin Pit and 
N"ook Pits. 

Ihe hauling engines at the Gin Pit consist of a pair of 
^^^zontal high pressure engines, with cylinders lOin. diam., 

^t. stroke, geared 3^ to 1, working at about 140 revolu- 
^^^:»is per minute, with a boiler pressure of 701bs. 

^n the second motion shaft are placed two drums or 

^^^i^ing pulleys, each 6 feet diam., with a clutch working 

"^'tween to enable either of them to be put in or out of 

8^^r. Each pulley has 4 grooves, and to obtain the re- 

^^^isite adhesion the rope is passed 3^ times over the driving 

P^^Jley, and a guide pulley with 3 grooves fixed in front of 

^^> as shown in Figs. 1 and 2. By this mode of driving the 

^'^ction on the ropes is reduced to a minimum, and if the 

?^de pulley is set at a slight angle with the vertical plane, 

^Hal to the breadth of one groove, an absolutely straight 

*^ad is obtained for the rope to each groove. 

The ropes are then passed round pulleys 6ft. diam. fixed 
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in the head gear and down the shaft in wood pipes, which 
are bolted to the horse trees. The main pump beam inter- 
fered with the pulleys being arranged under the pit 
bi-ow. 

One rope is used for hauling on the east side of the 
Crombouke Mine, and the other one for the Six Feet 
Mine, each being quite distinct from the other. Upon 
reaching the respective mines, pulleys are fixed in the shaft, 
and the rope is taken along the centre of the main way, 
round a pulley four feet diameter fixed on a tram with a 
tightening screw at the extreme end of the plane, and 
returns along the side of the road, carried on pulleys and 
wood rollers. 

In each mine the system adopted is to run the tubs in 
trains or sets of from 30 to 40 tubs, the rope being carried 
upon the top of the tubs, and attached at each end of 
the train by fin. chains, about 7ft. 6in. long, which 
are wrapped two or three times round the rope and back- 
hooked. 

This corresponds with the No. 2 system referred to in the 
Keport of the Committee of the North of ^England Institute 
of Mining Engineers, and combines many of the advantages 
of the tail rope and endless rope, with only two-thirds 
of the length of rope required in the former. 

The distance to the station in the Crombouke Mine is 
1130yds., and in the Six Feet Mine 700 and 1300ydfl. 
respectively. The time ordinarily occupied in a journey 
from the shaft, changing at the end and returning, is from 
ten to fifteen minutes. 

The coal is all brought to the main rope either by gravita- 
tion or by hand from the working places. 

The tubs are of iron, and contain eight hundredweight of 
coal ; the rails used are generally 211bs. T rails in 8ft 
lengths, with fish-plated joints. 
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The road is straight or nearly so, and slightly undulating, 
tiixe steepest gradient being 1 in 20 rising towards the shaft. 
•A single line is used in each mine, as the cost of making and 
XKiaintaining the roads for double lines is much greater, and 
SL sufficient quantity of coal can easily be hauled with the 
present appliances. 

One of the principal items of expense in all underground 
liaulage is the cost of ropes, and we attach great importance 
tio the quality of the material and mode of construction of 
our ropes, and the wire is required to stand a severe test 
tef ore it is made up into the rope. 

The standard size adopted for the hauling ropes is fin. 
diameter of the best plough steel, and made with six strands. 
A secure and durable splicing cannot be made with a rope 
of less than six strands. 

The ropes have not been in use so long as to determine 
the actual cost of wear and tear. The first rope, which was 
only iVin. diameter, has now been working over three years, 
therefore in estimating the cost of any items not ascertained 
from actual experience, the course adopted by the North of 
England Committee has been followed. 

The average quantity of coal hauled per day is 260 tons, 
but a much larger quantity can be brought out with the 
same cost for wages, at least 400 tons per day, which would 
of course materially reduce the cost per ton. 
The cost of labour is as follows : — 

8. d. 

One Engineman 3 4 per day. 

Three Gang-riders 7 „ 

One Boadman 2 „ 



12 4 



Cost of leading coals per ton, an average distance of 
1040yds., 260 tons per day : — 



358 

d. 

Ropes -262 

Trams or Tubs -lOl) 

Grease and Oil '100 

Coals 140 

Repairs to Engines, &c '100 

Maintaining way '050 

Labour . • • • • , • *569 



1-321 



At the Nook Pits we utilized a pair of engines foi 
hauling, which are also used as capstan engines, witlu--^ 
cylinders 12 in. diameter and 2 ft. stroke, geared 4 to 1, 
working at a boiler pressure of 45 lbs. to the square inch. 

At these pits the system adopted is not quite the same as 
at the Gin Pit, instead of each rope being brought to the 
surface, only one, the main driving rope, works in the shaft, 
and from it are worked the branch ropes into each mine by 
means of grooved pulleys and clutch boxes. 

The quantity of coal to be hauled in the Crombouke Mine 
is large and the distance too great to be dealt with con- 
veniently on a single road, and a considerable portion of it 
being laid with two lines when horses were used, it was 
arranged to work the rope continuously at a slow speed, 
using one line for the full tubs and the other for the empty 
ones. This corresponds with the No. 1 system reported 
upon by the North of England Committee. 

In the Six Feet Mine the distance is less and the quantity 
of coal wrought not so great, and a single road is used with 
one passing place half-way along the level. To obtain the 
alternate motion to work the rope in each direction, whilst 
the main driving rope works only in one direction, the 
driving rope is crossed between the two sets of pulleys in 
this mine, so that the pulleys revolve in opposite directions, 
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d each being provided with a clutch box, by putting 

tier into gear the rope works in the direction required. 

The main driving pulley on the second motion shaft is 

t. diameter, with 4 grooves, and the guide pulley 4ft. 

iameter. The rope, which is of best Plough steel fin. 

^iiameter, works continuously in one direction and passes 

^::X)uiid two pulleys fixed at the top of the shaft, underneath 

e pit brow, to the Crombouke Mine, where a main shaft is 

, upon which are two pulleys, one 6ft. and the other 

. diameter, and intended to have one or two more placed 

on it when required. Each pulley has four grooves, the 

rger one is keyed on to the shaft, and the other one works 

Xoose upon it, and is fitted with a clutch box. 

The driving rope passes round the larger pulley, and a 

<iorresponding guide pulley, and thence back to the shaft 

and down to the Six Feet Mine, where two sets of grooved 

pulleys, each 4ft. diameter, are fixed, returning round a 

tightening pulley, and up to the surface. 

The speed of the driving rope with the engines making 
an average of 55 revolutions per minute is 3 miles per 
hour, reduced to 2 miles per hour in the Crombouke Mine 
by the proportionate size of the pulleys, the speed in the 
Six Feet Mine remaining 3 miles per hour, same as the 
main rope. 

We have been at some disadvantage in having to adapt 
the existing roads for rope haulage, as they were not 
originally made for that purpose. In the Crombouke Mine 
the rope is carried round the curves at both ends of the 
slant, as shown on sketch, by deep flanged pulleys 4ft. 6in. 
diam., and at the lesser bends by small pulleys, also with 
deep flanges, carried from a cross bar at the roof. The road 
is undulating, which necessitates the use of lashing chains 
at both ends of the trains or sets, which consist of about 5 
tubs, at short intervals, the rope being carried upon the 
top of the tubs. 
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A simple fence is provided near each pulley, consisiing 
of a small wood bar, suspended across the rope, about \ an 
inch above it^ as shown on sketch, and it is further intended 
to enclose the pulleys in wrought iron casings, as those at 
the shaft are already. 

The tubs are of wood, and contain 6 cwt. of coal. The 
first station in the Crombouke Mine is 1,270 yards from the 
shaft, the second 1,550 yards, and the third 1,760 yards, 
the total length being about 1,900 yards, and is being ex- 
tended both along the level and down-brow to work out 
some deep coal, the rope passing round deep flanged 
pulleys at the top of the brow similar to those before 
mentioned. 

In the Six Feet Mine, trains, or sets of about 30 to 40 
tubs, are brought at once, one train of full tubs leaving the 
far end at the same time that a train of empty ones leaves 
the shaft, the distance to the stations being 500 and 1,000 
yards respectively. 

The coal is brought by self-acting planes or by hand to 
the main rope. 

The average quantity hauled in the Crombouke Mine at 
present is 300 tons per day, but the capacity of this rope is 
practically unlimited. In the Six Feet Mine the average 
quantity is about 140 tons per day. 

The cost of labour is as follows : — 

8. d. 

One Engineman 4 per day. 

Two Boys working clutches. ... 3 4 „ 

Two Gang-riders 5 8 „ 

Six Boys putting tubs on and off 

the rope, &c 10 8 „ 

Three Roadmen 11 4 „ 
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Cost of leading coals per ton, an average distance of 
1,400 yards, 440 tons per day. 

d. 

Ropes -316 

Trams or tubs . . '100 

Grease and oil '100 

Coals -129 

Repairs to engines, &c. '100 

Maintaining way '050 

Labour '954 

1-749 



The Chairman : The fencing of the wheels, especialljr 
gig wheels when endless chains are used, has been a subject 
of considerable dispute in some parts of Lancashire — as to 
whether they did not entail more danger than they got rid 
of. In North Lancashire, where endless chains are used 
most extensively, they have settled the question that a f ence^ 
roimd the gig pulley is an advantage ; I think there is not a 
single gig not fenced now in North Lancashire. 

Mr. J. S. Burrows said they formerly used an endless chain 
at Atherton, but have given it up. They found the break- 
age of the chain, after it had been worn a little while, so 
annoying that they could not continue it. The same engine 
was doing more work with a rope, and they had never had 
a breakage yet, though it had been in use for four years. 
They did not go to the expense of new ropes ; for this work 
the old winding ropes were used. He had seen Mr. Peace's 
arrangement, and it was certainly very neat and very care- 
fully planned ; but upon going into the question, and taking 
into consideration the plant required, where all had to be^ 
erected especially for this work, his conclusion was that 
there was very little gain in it. Circumstances, however^ 
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required them at Atherton to put a pump down, and this 
gave them an opportunity of adopting the rope and doing 
away with horses. It enahled them to bring the tubs out 
in sets of about 10. The weight of the rope was a great 
item in the work which the engine had to do. The slower 
it was moved the more economical was the work done, and 
therefore they went in, as far as that level was concerned, 
for winding small sets at slow fipeed, with a great many 
tubs on the rope. * 

In answer to a question by the Chairman, Mr. Burrows 
said that if they could knock off say eight or ten horses by 
the adoption of machinery for haulage it would be worth 
doing. 

The Chairman : When you had these breakages going 
on in the chain, may I ask if the friction pulleys were 
so arranged that if any fall of roof interrupted the journey 
the machinery would stop ? 

Mr. J. S. Burrows : No, there was no preparation at all. 
The roof in this particular case referred to was coal — ^which 
was very hard ; the chain broke through the strain being too 
great. 

The Chairman : In some collieries they are very parti- 
cular to have friction pulleys, and they do not trust to 
these things being set right at the commencement, and their 
continuing so ; but they test them each morning to see that 
they are in working order. 

Mr. Peace, in answer to the Chairman, said they had not 
at present any friction pulleys, but it was their intention to 
adopt them in any new work. They accomplished much 
the same purpose by having the ropes with as little tension on 
them as possible. If anything got fast it at once stopped 
the rope. 

Mr. BiDTARD said he had not gone into the question 
fully. The Bridgwater Trustees, with whom he was con- 




nected, were laying down extensive plant of this kind, but 
lie could not speak definitely with regard to it at present. 

Mr. ToNGE said he was greatly in favour of haulage by 
the endless rope. He very much preferred the rope to the 
chain, in the first place, and very much preferred the rope 
to ponies almost under any circumstances. There were con- 
ditions under which it would be impossible to work by 
ponies — that was what first drove them to begin the endless 
rope system. They had a brow which rose from the pit at 
the commencement at the rate of about 1 in 14 ; it then 
was flat for about 70 yards, and afterwards fell from the pit 
1 in 14, the whole length being 1,000 yards; and in the last 
700 yards, where the coal had to be brought uphill towards 
the pit, they had about twelve ponies to bring the coal 
from little more than half way down, the remaining 
half being temporarily left. The brow was 700 yards 
down, but they were compelled to leave the bottom end for 
a while to bring the upper portion of coal ; and he found 
that it would be quite impossible to employ sufficient poniea 
on that brow to bring the coal up. It therefore became a 
matter of necessity that they should have machinery. 
There was one difficulty they met with, namely, the brow 
dipping in two directions — three really, one being down hill 
towards the pit — the rope was stretched, and consequently 
became slack upon the driving pulley. That was the only 
real difficulty they had to contend with, and by putting on 
a second pulley, which they called a tightening pulley, at 
that end the difficulty was overcome. It was rather diffi- 
cult at first, but by putting the rope in the form of the 
figure 8 round this tightening pulley they got a good deal of 
power. They had a three-groove pulley, and by that 
means got a considerable grip on the pulley. They were 
now bringing a considerable quantity of coal to the shaft, 
and had worked with one rope (Lang's patent) for four 
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years. That rope was still in perfect order, and it was 
nmniag half a day at a time without stoppage. They had 
adopted the same system elsewhere, being so satisfied with it. 

Mr. B. WiNSTANLET Said he understood they used at 
Tyldesley grooved pulleys. He had also seen them in use 
in South Wales, at Bhymney, Scotland, and elsewhere. 
The wire ropes at these places wore out very fast indeed, 
and this was attributed to the grooved pulleys. He would 
like Mr. Peace to state what had been his experience on 
that point. At some collieries with which he (Mr. 
Winstanley) was connected they had endless rope haulage, 
with the ordinary " '* pulley ; and they found the ropes 
last fairly well. They had had one rope about 2,000 
yards long running over two years, and another nine 
months without its showing excessive signs of wear. 
In comparing the cost of pony labour with any other system 
of haulage it was necessary to consider the character of the 
mine. In the former case the roof must be of a certain 
height. In the Mountain mine where the seam was very thin ; 
the haulage was carried on for great distances ; and the cost 
of making the roof high enough for a horse or pony would, 
in many instances, be more than the expense of putting 
down haulage plant. There was another matter. He 
supposed, from Mr. Peace's sketch, that his haulage was 
driven from the surface ; he (Mr. Winstanley) had found 
in some cases that it was far cheaper to drive from 
the bottom of the shaft, smaller power being required. 
He remembered an instance where with a pair of 9-inch 
engines placed at the bottom of the pit, a rope 2,000 
yards in length was driven by means of a " *' pulley. 
The first length of rope had a rise of 1 in 10 for 300 
yards to a right angle bend ; then the road was level, and 
afterwards 700 yards of down-brow, dipping 1 in 10; 
there were several curves or bearings; and that haulage. 
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tio the extent of 200 or 250 tons a day, was driyen by a 
;pair of 9-inch cylinder engines, of coarse geared up ; and 
^e ** C" pulley would occasionally — say once in 18 months 
«r two years — ^want taking out and turning up in the 
groove. 

Mr. Grtmke said that at the Bryn Colliery tliey had been 
obliged to put in this haulage. They considered compressed 
air preferable to steam, and moreover quite as cheap. They 
got a fair average out of it — ^he should think 85 per cent,, 
though no exact calculation had been made. 

The Chairman : 85 per cent, indicated horse power P 

Mr. Grimke : 85 per cent, of what the engines in the mine 
would do worked by steam. — Replying to a further question 
by the Chairman, he said that if they took a pair of engines 
any distance from the shaft there was a large amount of con- 
densation in the pipes, and consequent loss of power. If 
they came to indicate an engine on the surface, and again 
in the pit, they would find the results very different. They 
were generally put down at what they would do on the 
surface, but he maintained that an engine ought' to be in- 
dicated in the place where it did its work — ^it might be 200 
or 300 yards from the shaft. They found that wherever 
they took the steam pipes, down brow or on the level, the 
roof was perpetually falling, and the warrant troubled 
them ; they therefore came to the conclusion that the air 
engine would save itself in that alone. 

The Chairman said that the air engine had undoubtedly 
many advantages. The air was always of use in a mine, but 
steam had many drawbacks. 

Mr. Grimke said they used almost entirely, for their 
engines, friction gear, which was quite as strong as an 
ordinary toothed wheel. There was no slipping if the 
engine was in gear. 

The Chairman : The use of friction gear for these end- 
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less chains is that the friction may be set just so much aa 
will move the load, and no more. 

Mr. CocKSON said that if he had known that this question 
would be discussed that afternoon he would have brought 
exact figures showing the comparative results of com- 
pressed air and steam ; but he might state that at one of 
the Wigan Coal and Iron Company's Collieries they had 
an air compressing engine on the surface to do the imder- 
ground hauling, but having decided to alter it to direct 
haulage by putting the boilers close to the furnaces under- 
ground, they were able to arrive at the consumption of 
coal required by the two systems. On the surface they 
required two boilers, and burnt twice as much fuel to do the 
work which was done by a single boiler underground, when 
they did away with the air compressor. We found it very 
advantageous to get rid of pony labour, and wherever that 
was possible it was done. 

In answer to the Chairman, 

Mr. CocKSON said if they had boiler power already, and 
their roads could be made into engine roads without a very 
large outlay, he should say that, in point of wages, &c., it 
would pay them if they could do away with six horses. 

Mr. J. S. BuRKOWs observed that in his estimate he contem- 
plated the necessity of putting down new plant altogether. 

Mr. Peace, in replying upon the discussion, said Mr. 
Winstanley had asked a question with regard to grooved 
pulleys. Their experience of the " C '* pulley had not been 
favourable at all. They had only one in use, and it was 
found that the cost of ropes for that particular pulley was 
very great ; that led them to adopt the grooved pulley. As 
stated in the paper, one rope in the Gin Pit, iVin. diameter, 
had been working over three years. As to the driving rope 
at the Nook pit he was hardly in a position to say what its 
duration would be ; the wear and tear were greater — ^it had 
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to pass round so many more pulleys, and much more 
frequently. Then as to the question of engines at the 
bottom as against engines on the surface ; in their case it 
was impossible to put them at the bottom, as they had no 
upcast shaft within 500 yards, and their experience as to 
the consumption of coal was very favourable. The only 
objection to their being on the surface was they had to take 
the rope down the shaft, but that extra length of rope was not 
useless ; it enabled them to get more adhesion on the pulley, 
and the descending rope balanced the ascending one, so that 
no more power was required. With regard to compressed 
air, he had had no experience at all ; but enquiries made 
from time to time as to the cost of putting down plant and 
the large consumption of fuel had led them to discard the 
idea altogether. They put their engines on the surface, 
and, so far, they had been quite pleased with the result. 
With reference to grooved pulleys he might add that when 
they adopted them they were not aware of their having 
been tried elsewhere except at the Bridgewater Trustees* 
Collieries ; but when they had got their plant at work 
they found that similar appliances were used in South 
Wales, in Scotland, and at Wigan ; and he was not 
quite sure whether they were not in use in the North 
of England also. There was an obvious advantage in 
members presenting their experience in the form of papers 
to be read at the meetings of the Society. They might 
profit by the results, and some of them might be saved 
many costly, and it might be useless, experiments. 



25 



TRANSACTIONS 



OP THB 



MANCHESTER GEOLOGICAL SOCIETY. 

Pabt XVIII. Vol. XVII. Session 1883-84. 

At the Ordinary Meeting of the Members of the 
Society, held on Friday, the 13th day of June, 1884, in 
the Mining School Buildings, Wigan. 

W. S. Barrett, Esq., in the Chair. 



The subject announced for the consideration of the 
meeting, was : 

Discussion on Mr. Hall's Paper read on Ist March, on 
" What will the Royal Commission report as to Lighting 
and Blasting in Mines?" 

The Chairman said that he regretted that there was such 
a meagre attendance. He felt sure there must be some 
special cause why more gentlemen were not present. There 
was a meeting on trade matters in Wigan at two o'clock 
that afternoon, and it was quite possible that many gentle- 
men might in consequence be unable to attend this meeting. 

Mr. Caldwell said he thought it would be best to 
adjourn the meeting. 

Mr. TJnsworth remarked that under the circumstances 
it seemed the only course they could take. 

The Meeting was then acfy'oumed. 
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The following are the recent additions to the Library : — 

Cambridge University : Report of Museum and Lecture Rooms Syndicate 
for 1883. Chester : Society of Natural Science — Thirteenth ATmnal Report 
for year 1883-84 ; From the Society, Devon and Exeter Albert Memorial 
Museum : Fourteenth Annual Report for year ending April 14, 1884 ; From 
the Committee. Edinburgh: Royal Society — List of Members, 1883; From 
iJte Sovieiy. Edinburgh : Royal Physical Society — Proceedings, Session 
1882-3 ; From the Society. Hunt's British Mining — A Treaties on the 
Metalliferous Mines of the Um'ted Kingdom ; Furehased. London : 
Geological Society — Quarterly Journal, No. 158, Vol. XL. ; From the 
Society. Geological Magazine, Nos. 239-240-241 ; Purchased. Geologists' 
Association — Proceedings, Nos. 5-6, Vol. VIIT ; From the Association. The 
Royal Society — Proceedings, Nos. 230-231, Vol. XXXVI.; From the 
Society. Society for Psychical Research — Part 5, April, 1884; From the 
Society. Manchester Literary and Philosophical Society — Proceedings, 
Vols. XX., XXI., XXII. ; Memoirs, Vol. VII., third series, 1882; Memoirs, 
Vol. IX., A Centenary of Science in Manchester, Editor, Dr. Angus Smith; 
From the Society. Norwich: Geological Society — Proceedings, Part 8, 
Vol. I. ; From the Society. Mining Institute of Scotland — Transactions, 
Part 9, Vol. V. ; Transactions, Parts 1-2, Vol. VI. ; Rules and List of 
Members ; From the Institute. Institution of Mechanical Engineers — Pro- 
ceedings, May, 1884; From the Institution. North of England Institute of 
Mining and Mechanical Engineers — Transactions, Part 4, Vol. XXXIII. ; 
From the Institute. Midland Institute of Mining, Civil, and Mechanical 
Engineers— Transactions, Part 70, Vol. IX., 1833; Part 71, Vol. IX., 
1884 ; From the Institute. Modem Progress of Mine Engineering — Pamphlet 
by Henry Bramall, M.I.C.E. ; From the Author. South Wales: Institute 
of Engineers — Proceedings, No. 7, Vol. XIII. , 1884 ; From the Institute. 
Science Monthly, Nos. 7 and 8, Vol. I. ; No. 9, Vol. II. ; From the Editor. 
New South Wales : Royal Society — Journal and Proceedings, Vol. XVI., 1882 ; 
From the Society. New South Wales : Report Sydney Free Public Library, 
1883-4. Victoria : Reports of Mining Surveyors and Registrars, December, 
1883. American Institute of Mining Engineers — Transactions, Index, Vols. 
I. to X. Canadian Institute, Toronto — Proceedings, No. 1, Vol. II., 1884 ; 
From the Institute, Ignited States : Compendium of the Tenth Census, 1880, 
Parts 1 and 2 ; From the Governmenty U.S.A. United States: Department 
of Agriculture — Third Report of the Entomological Commission, 1883 ; 
From the Government, U.S.A. New York : American Museum of Natural 
History, Bulletin No. 5, Vol. I. ; Ditto, Fifteenth Annual Report, 1 883. Rome : 
Atti deUa R. Accademia dei Lincei, Transunti, Nos. 7, 8, 9, 10, 11, 12, Vol. 
VIII. Pisa : Atti della Societci Toscana di Scienze Naturali — Processi Ver- 
bali, March 2, 1884, May 4, 1884 ; Indice del Vol. II. and III. Memorie, 
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Fasc. 1, Vol. VI., 1883 ; From the Society. Berlin: Zeitschrift der Deutschen 
Geologischen GeseUschaft, 4 Heft, 35 Band, 1883. Dresden: Sitzungs- 
berichte und Abhandlnngen der Naturwissenschaftlichen Gesellschaft Isis in 
Dresden, 1883. Elberfeld: Jahres-Berichte des Naturwissenschaftlichen 
Vereins, Heft 6. Leipzig; Sitzungsherichte der Naturforschenden Gesell- 
schaft zu Leipzig, 1883. St. P^tersbourg : Academic Imperiale des Sciences— 
M^moires, Nos. 10, 11, 12, 18, 14, Tome XXXI. Paris : Revue dela Legis- 
lation des Mines, June, 1884; Purchased. Lausanne: Bulletin de la 
Soci^te Vaudoise des Sciences Naturelles, No. 90, Vol. XX. ; From the 
Society. Bruxelles : Nouvelles observations faites dans la Campine en 1883, 
Brochure par Ernest Van den Broeck ; From the Author. Bruxelles: 
Melanges G^logiques et Paleontologiques, Brochure par Ernest Van den 
Broeck ; From the Author. 



End op Vol. XVIII. 
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